SIGNAL TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a signal transmission system for 
transmitting a signal between a plurality of semiconductor integrated circuit de- 
vices that operate under different power supply voltages. 

2. Description of the Related Art: 

There has heretofore been a system which is required to trans- 
mit a signal between semiconductor Integrated circuit devices that operate un- 
der different power supply voltages. Fig. 1 shows a conventional arrangement 
of such a system. The system shown in Fig. 1 transmits a single-ended signal 
between a 1 .8-V semiconductor integrated circuit device (LS1 1) and a 1.5-V 
semiconductor integrated circuit device (LSI 3). A voltage converter LSI (LSI 2) 
for converting voltages is provided between the 1 .8-V semiconductor integrated 
circuit device and the 1 .5-V semiconductor integrated circuit device for relaying 
a signal to be sent and received between LS1 1 and LSI 3. LS1 1 and LSI 2 are 
interconnected by a transmission line having characteristic impedance Z01 , 
and LSI 2 and LSI 3 are interconnected by a transmission line having charac- 
teristic impedance Z02. Specific examples of the voltage converter LSI for 
converting voltages are described in Japanese laid-open patent publication No. 
8-288828 and Japanese laid-open patent publication No. 11-27134. 

FIG. 2 shows another conventional system which is required to 
transmit a signal between semiconductor integrated circuit devices that operate 
under different power supply voltages. The system shown In Fig. 2 transmits a 
single-ended signal between a 1 .5-V semiconductor integrated circuit device 
(hereinafter also refen-ed to as "LSI") and 1 .2-V LSI. The 1 .2-V LSI comprises 




a receiver (having an oxide film or the like formed to a thickness capable of 
withstanding 1 .5 V) operable by a 1 .5-V power supply and an intemal circuit 
operable under 1 .2 V. By being supplied with both power supply voltages of 
1 .5 V and 1 .2 V, the 1 .2-V LSI is allowed to transmit a signal to and from the 
5 1 .5-V LSI. While FIG. 2 illustrates an example wherein a signal is transmitted 
from the 1 .5-V LSI to the 1 .2-V LSI, the actual signal transmission system is 
capable of bidirectionally sending and receiving signals. 

FIG. 3 shows a specific signal transmission system having uni- 
form power supply voltages to be supplied to components required to perform 

10 the signal transmission shown in FIG. 2. FIG. 3(a) shows an arrangement for 
transmitting a single-ended signal from 1 .5-V LSI (DRAM) to 1 .2-V LSI having a 
driver and a receiver which are supplied with 1 ,5 V, and FIG. 3(b) shows an ar- 
rangement for performing a reversed signal transmission. The LSIs are 
mounted on respective PCBs (Printed Circuit Boards) and interconnected by a 

15 transmission line having a characteristic impedance ZO of 50 ? . The driver for 
sending a signal comprises a pMOS and an nMOS transistors which are push- 
pull-connected (push-pull configuration), and has an on-resistance of 20 ? . 
The receiver for receiving a signal is terminated with CTT (Center Tapped 
Temnination, which may be referred to as Thevenin termination). The value of 

20 the terminating resistor of the CTT circuit is equalized to the characteristic Im- 
pedance ZO for impedance matching. The value of the terminating resistor of 
the CTT circuit is the same as the value obtained when the illustrated upper 
and lower resistors of the CTT circuit are connected parallel to each other. If 
the values of the power supply voltages (VDDQ) to be supplied to the driver 

25 and the receiver that are used for signal transmission are thus uniformized, 
then the system is capable of sending and receiving a signal without fail. 
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FIG. 4 shows an arrangement wherein semiconductor integrated 
circuit devices, each having a driver and a receiver, which are operable under 
different power supply voltages are connected in series with each other for bidi- 
rectionally transmitting a single-ended signal. Although there appears to be no 
5 system which would employ the arrangement shown in FIG. 4, the illustrated 
arrangement is used to assist in understanding the present invention. In FIG. 
4, squares represent switches which are turned off when a signal Is to be sent. 
In FIG. 4, the driver comprises a pMOS and an nMOS transistors which are 
push-pull-connected, and the receiver is terminated with CTT. 

10 With this arrangement, since different power supply voltages 

(VDDQ) are supplied to the two LSIs for sending and receiving a signal, differ- 
ent reference voltages Vref are supplied to the respective receivers as thresh- 
old values for determining input voltages. 

FIG. 5 shows a specific arrangement of the signal transmission 

15 system shown in FIG. 4. In FIG. 5, as with FIG. 3, the driver comprises a 

pMOS and an nMOS transistors which are push-pull-connected, the receiver is 
terminated with CTT, the driver has an on-resistance of 20 ? , the transmission 
line has a characteristic impedance of 50 ? , and the terminating resistor of the 
receiver has a value of 50 ? . FIG. 5(a) shows an equivalent circuit for sending 

20 a single-ended signal from the 1 .5-V LSI, and FIG. 5(b) shows an equivalent 
circuit for sending a single-ended signal from the 1 .2-V LSI. 

As shown in FIG. 5(a), for sending a signal from the 1 .5-V LSI, 
the output signal has a high level VOH of 1 .24 V and a low level VOL of 0.17 V, 
and the reference voltage Vref set to an intermediate value between VOH and 

25 VOL is 0.71 V. Therefore, the reference voltage Vref for receiving the signal 
with the 1 .2-V LSI is 0.71 V. 
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As shown in FIG. 5(b), for sending a signal from the 1.2-V LSI, 
the output signal has a high level VOH of 1 .07 V and a low level VOL of 0.21 V, 
and the reference voltage Vref set to an Intemiediate value between VOH and 
VOL is 0.64 V. Therefore, the reference voltage Vref for receiving the signal 
with the 1 .5-V LSI is 0.64V. 

FIG. 6 shows an arrangement wherein semiconductor integrated 
circuit devices (1 .5-V LSI and 1 .2-V LSI 3), each having a driver and a receiver, 
which are operable under different power supply voltages are connected in se- 
ries with each other for bidirectionally transmitting a single-ended signal. Al- 
though there appears to be no system which would employ the arrangement 
shown In FIG. 6, the illustrated arrangement Is used to assist in understanding 
the present invention. In FIG. 6, squares represent switches which are turned 
off when a signal is to be sent. In FIG. 6, the driver comprises a pMOS and an 
nMOS transistors which are push-pull-connected, and the receiver is of an ar- 
rangement (CTT-terminated circuit) having an input terminal pulled up to a ter- 
minating voltage VTT. FIG. 6 also shows an arrangement having 1 .2-V LSI 
operable under a 1 .2-V power supply for transmitting a signal between the 1 .2- 
V LSI 3 and the 1.2-V LSI. 

Even with the above arrangement, since the power supply volt- 
ages (VDDQ) supplied to the 1.5-V LSI and the 1.2-V LSI 3 for sending and re- 
ceiving a signal are different from each other, reference voltages Vref as 
threshold values for determining an input voltage and values of VTT, which are 
supplied to the receiver, are different from each other. 

FIG. 7 shows a specific arrangement of the signal transmission 
system shown in FIG. 6. In FIG. 7, the driver comprises a pMOS and an nMOS 
transistors which are push-pull-connected, the receiver is pulled up to VTT by a 
terminating resistor, the driver has an on-resistance of 20 ? , the transmission 
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line has a characteristic impedance of 40 ? , and the terminating resistor of the 
receiver has a value of 40 ? . FIG. 7(a) shows an equivalent circuit for transmit- 
ting a single-ended signal from the 1 .5-V LSI. and FIG. 7(b) shows an equiva- 
lent circuit for transmitting a single-ended signal from the 1 .2-V LSI 3. 
5 As shown in FIG. 7(a), for sending a signal from the 1 .5-V LSI, 

the output signal has a high level VOH of 1 .25 V and a low level VOL of 0.25 V, 
and the reference voltage Vref set to an intennediate value between VOH and 
VOL is 0.75 V. Therefore, the reference voltage Vref for receiving the signal 
with the 1 .2-V LSI is 0.75V. 

10 As shown in FIG. 7(b), for sending a signal from the 1 .2-V LSI 3, 

the output signal has a high level VOH of 1 .00 V and a low level VOL of 0.20 V, 
and the reference voltage Vref set to an Intermediate value between VOH and 
VOL is 0.60 V. Therefore, the reference voltage Vref for receiving the signal 
with the 1 .5-V LSI Is 0.60V. 

1 5 The foregoing signal transmission systems suffer the following 

problems: 

First, the arrangement having the voltage converter LSI as s- 
hown in FIG. 1 is problematic in that since the propagation speed of signals is 
reduced by the voltage converter LSI, the system performance Is lowered. Fur- 

20 thermore, the cost of the system increases because the number of parts used 
is increased by using the voltage converter LSI. 

The arrangement wherein the 1 .5-V power supply is supplied to 
the 1 .2-V LSI shown In FIG. 2 is problematic in that the LSI fabrication process 
tends to be complex because of the need for a process for making the oxide 

25 film partially thick. Another problem is that terminals are required to supply the 
1 .5-V power supply, and the cost of the 1 .2-V LSI is increased due to an in- 
crease In the LSI package size and the number of terminals. 
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The arrangement as shown in FIG. 4, wherein the semiconduc- 
tor integrated circuit devices that operate under different power supply voltages 
are directly interconnected for bidirectionally transmitting a signal, requires two 
types of reference voltages Vref. Therefore, relatively expensive reference 
5 voltage generating circuits are needed, and two types of interconnection pat- 
terns for reference voltages of different potentials are required, resulting in an 
increased number of layers in the PCB and hence an increased system cost. 
Though two types of reference voltages are required, if a reference voltage 
Vref that is actually supplied is limited to either one of them, then the following 

10 problem arises: 

In the example shown in FIG. 5, 0.71 V and 0.64 V are used as 
the reference voltages Vref. If the reference voltage Vref supplied to the two 
LSIs is set to 0.64 V, for example, then the 1 -5-V LSI is not affected, but since 
the reference voltage Vref for the 1 .2-V LSI is lowered, the 1 .2-V LSI is affected 

15 as shown In FIG. 8. 

Specifically, when the received signal goes high, the Input circuit 
(receiver) responds more quickly than when the reference voltage Vref of 0.71 
V is supplied. However, when the input signal goes low, the input circuit (re- 
ceiver) responds more slowly than when the reference voltage Vref of 0.71 V is 

20 supplied, resulting in a timing skew in the input circuit. 

If the received signal has a rise time tR and a fall time tF, both of 
about 250 ps, then the timing skew Is 33 ps. This value corresponds to 5.2 % 
of an eye window (bit time) = 625 ps of a signal which has a transmission rate 
of 1 .6 Gbps, and cannot be ignored. If the timing skew increases due to a re- 

25 duction in the reference voltage Vref, then the possibility of an error becomes 
higher. 
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The other arrangement as shown in FIG. 6, wherein the semi- 
conductor integrated circuit devices that operate under different power supply 
voltages are directly interconnected for bidirectionally transmitting a signal, also 
requires two types of reference voltages Vref and terminating voltages VTT. 
5 Therefore, two types of reference voltage generating circuits and VTT generat- 
ing circuits are needed, and two types of Interconnection patterns for reference 
voltages having different potentials and terminating voltages VTT are needed. 
As there is a possibility for an increased number of PCB layers, the system 
cost tends to rise. 

10 Though there are two types of reference voltages and terminat- 

ing voltages VTT, If a reference voltage Vref and a terminating voltage VTT that 
are actually supplied are limited to either one of them, then the same problem 
as with FIG. 5 arises. 

15 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a signal trans- 
mission system which suppresses a timing skew between semiconductor inte- 
grated circuit devices that operate under different power supply voltages and 
also prevents an Increase in the cost. 

20 To achieve the above object, a signal transmission system ac- 

cording to the present invention has semiconductor integrated circuit devices 
that operate under different power supply voltages which are directly intercon- 
nected by a bidirectional bus serving as a transmission line. A driver on a sig- 
nal transmission side is of a push-pull type, and a signal reception side is ter- 

25 minated with a CTT (Center Tapped Termination). If a terminating resistor 

Rterm is in conformity with the characteristic impedance ZO of the transmission 
line for impedance matching, the on resistance Ron of the driver Is equal to or 
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lower than the characteristic impedance ZO for maintaining a signal amplitude. 
If the on resistance Ron of the driver is In conformity with the characteristic im- 
pedance ZO of the transmission line for impedance matching, the terminating 
resistor Rterm is equal to or lower than the characteristic impedance ZO for 
5 maintaining a signal amplitude. 

In order to reduce the number of power supplies, the values of 
reference voltages Vref used to determine an input voltage which are supplied 
to the respective semiconductor integrated circuit devices are brought into con- 
formity with each other. Preferably, the values of the reference voltages Vref 

10 are set to 0.25 (VI + V2), making it easy to generate the reference voltages 

Vref, V1 and V2 represent power supply voltages VDDQ supplied to the semi- 
conductor integrated circuit devices which send and receive signals. 

In view of the ease with which to design a printed board and sig- 
nal integrity, the path of return current flowing through the transmission line 

15 comprises a common ground conductor (ground plane) shared by the semi- 
conductor integrated circuit devices. The signal to be transmitted may be a 
single-ended signal or a differential signal. If a differential signal is to be 
transmitted, two reception ends may be terminated by a bridge joined by a re- 
sistance value which is twice the ODD mode impedance, dispensing with the 

20 reference voltage Vref. 

Another signal transmission system according to the present in- 
vention has semiconductor integrated circuit devices that operate under differ- 
ent power supply voltages which are directly interconnected by a bidirectional 
bus serving as a transmission line. A driver is of a push-pull type, and a signal 

25 reception side is terminated with a VTT. The value of the VTT is 1/2 of a lower 
one VDDQ (low VDDQ) of power supply voltages supplied to the respective 
semiconductor integrated circuit devices which send and receive signals. The 



terminating resistor Rterm is in conformity with tlie cliaracteristic impedance ZO 
of tlie transmission line for impedance matcliing. 

In order to reduce tlie number of power supplies, the values of 
reference voltages used in the respective semiconductor integrated circuit de- 
5 vices are brought into conformity with each other. Preferably, the values of the 
reference voltages are set to 0.5V2, making it easy to generate the reference 
voltages. V2 represents the low VDDQ. 

In view of the ease in designing a printed board and signal integ- 
rity, the path of return current flowing through the transmission line comprises a 

10 common ground plane shared by the semiconductor integrated circuit devices. 

With the above signal transmission system, since a semiconduc- 
tor integrated circuit device for voltage conversion is not required, the types of 
power supply voltages supplied to the semiconductor integrated circuit devices 
are prevented from increasing. 

15 By bringing the terminating resistor Rterm or the on resistance 

Ron into conformity with the characteristic impedance of the transmission line 
and using the ground plane shared by the semiconductor integrated circuit de- 
vices as the path of the return current flowing through the transmission line, the 
signal can be transmitted with good signal integrity. Furthermore, by using the 

20 same value of reference voltage in the semiconductor integrated circuit de- 
vices, the types of power supplies are reduced and the number of layers of the 
printed board is reduced. Since the value of an optimum reference voltage can 
be used at all times, the timing skew in an input circuit section is reduced. 

Furthermore, inasmuch as the value of the reference voltage is 

25 set to a value that can easily be generated (e.g., 0.25 (VI + V2)), a circuit for 
generating the reference voltage is simple. 
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If the reception side uses a bridge termination for tlie transmis- 
sion of a differential signal, then since no reference voltage is required, no con- 
ventional considerations for the reference voltage are necessary. 

Consequently, there is obtained a signal transmission system 
which is of good signal integrity, has a reduced timing skew, and prevents cost 
increases. 

The above and other objects, features, and advantages of the 
present invention will become apparent from the following description with ref- 
erence to the accompanying drawings which Illustrate examples of the present 
Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an arrangement of a conventional 
system which is required to transmit a signal between semiconductor inte- 
grated circuit devices that operate under different power supply voltages; 

FIG. 2 is a block diagram of another arrangement of a conven- 
tional system which is required to transmit a signal between semiconductor in- 
tegrated circuit devices that operate under different power supply voltages; 

FIG. 3 is a circuit diagram of a specific arrangement of the signal 
transmission system shown In FIG. 2; 

FIG. 4 is a block diagram of an arrangement of a conventional 
signal transmission system wherein semiconductor integrated circuit devices 
that operate under different power supply voltages are directly Interconnected 
for bidlrectionally transmitting a signal; 

FIG. 5 Is a circuit diagram of a specific arrangement of the signal 
transmission system shown In FIG. 4; 

FIG. 6 is a block diagram of another arrangement of a conven- 
tional signal transmission system wherein semiconductor integrated circuit de- 
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vices that operate under different power supply voltages are directly intercon- 
nected for bidirectionaliy transmitting a signal; 

FIG. 7 is a circuit diagram of a specific arrangement of the signal 
transmission system shown in FIG. 6; 

FIG. 8 is a waveform diagram illustrative of a problem of the sig- 
nal transmission systems shown in FIGS. 4 and 6; 

FIG. 9 is a block diagram of an arrangement of a first working 
example of a signal transmission system according to the present invefition; 

FIG. 10 is a circuit diagram of an arrangement of a first embodi- 
ment of a signal transmission system according to the present invention; 

FIG. 11 is a circuit diagram of an arrangement of reference volt- 
age generating circuits for use in the signal transmission system shown in FIG. 
10; 

FIG. 12 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the first embodiment 
shown in FIG. 10; 

FIG. 13 is a circuit diagram of £in arrangement of a second em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 14 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the second embodiment 
shown in FIG. 13; 

FIG. 15 is a circuit diagram of an arrangement of a third em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 1 6 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the third embodiment 
shown In FIG. 15; 
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FIGS. 17A and 17B are block diagrams of an application of the 
signal transmission system according to the first working example shown in 
FIG. 9; 

FIGS. 18A and 18B are block diagrams of another application of 
the signal transmission system according to the first working example shown in 
FIG. 9; 

FIG. 19 is a block diagram of an arrangement of a second work- 
ing example of a signal transmission system according to the present invention; 

FIG. 20 is a circuit diagram of an arrangement of a fourth em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 21 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the fourth embodiment 
shown in FIG. 20; 

FIG. 22 is a circuit diagram of an arrangement of a fifth embodi- 
ment of a signal transmission system according to the present invention; 

FIG. 23 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the fifth embodiment 
shown in FIG. 22; 

FIG. 24 is a circuit diagram of an arrangement of a sixth em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 25 is a circuit diagram of an arrangement of a seventh em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 26 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the seventh embodiment 
shown in FIG. 25; 

FIG. 27 is a circuit diagram of an anrangement of an eighth em- 
bodiment of a signal transmission system according to the present invention; 
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FIG. 28 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the eighth embodiment 
shown In FIG. 27; 

FIG. 29 is a circuit diagram of an arrangement of a ninth em- 
bodiment of a signal transmission system according to the present Invention; 

FIG. 30 is a circuit diagram of an arrangement of a tenth em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 31 is a circuit diagram of an arrangement of an eleventh 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 32 is a circuit diagram of an arrangement of a twelfth em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 33 is a circuit diagram of an arrangement of a thirteenth 
embodiment of a signal transmission system according to the present Inven- 
tion; 

FIG. 34 is a circuit diagram of an arrangement of a fourteenth 
embodiment of a signal transmission system according to the present Inven- 
tion; 

FIG. 35 Is a circuit diagram of an arrangement of a fifteenth em- 
bodiment of a signal transmission system according to the present invention; 

FIG. 36 is a circuit diagram of an arrangement of a sixteenth 
embodiment of a signal transmission system according to the present Inven- 
tion; 

FIG. 37 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the sixteenth embodiment 
shown In FIG. 36; 
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FIG. 38 IS a circuit diagram of an arrangement of reference volt- 
age generating circuits for use in the signal transmission system shown in FIG. 
37; 

FIG. 39 is a block diagram of an arrangement of a third working 
example of a signal transmission system according to the present invention; 

FIG. 40 is a circuit diagram of an arrangement of a seventeenth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 41 is a circuit diagram of an arrangement of an eighteenth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 42 is a circuit diagram of an arrangement of a nineteenth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 43 is a circuit diagram of an arrangement of a twentieth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 44 is a circuit diagram of an arrangement of a twenty-first 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 45 is a block diagram of an arrangement of a fourth working 
example of a signal transmission system according to the present invention; 

FIG. 46 is a circuit diagram of an arrangement of a twenty- 
second embodiment of a signal transmission system according to the present 
invention; 
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FIG. 47 IS a circuit diagram of an arrangement of a twenty-third 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 48 is a circuit diagram of an arrangement of a twenty-fourth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 49 is a circuit diagram of an arrangement of a twenty-fifth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 50 is a circuit diagram of an arrangement of a twenty-sixth 
embodiment of a signal transmission system according to the present inven- 
tion; 

FIG. 51 is a circuit diagram of an arrangement of a twenty- 
seventh embodiment of a signal transmission system according to the present 
invention; 

FIG. 52 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission systems according to the twenty-sixth em- 
bodiment shown in FIG. 50 and the twenty-seventh embodiment shown in FIG. 
51; 

FIG. 53 Is a circuit diagram of an arrangement of a twenty-eighth 
embodiment of a signal transmission system according to the present inven- 
tion; and 

FIG. 54 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the twenty-eighth em- 
bodiment shown in FIG. 53. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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FIG. 9 is a block diagram of an arrangement of a first working 
example of a signal transmission system according to the present Invention. 

As shown in FIG. 9, the signal transmission system according to 
the first working example is of an arrangement wherein 1 .5-V semiconductor 
Integrated circuit device (LSI) 1 and 1 .2-V semiconductor Integrated circuit de- 
vice (LSI) 2 are directly Interconnected by bidirectional bus 3 which is a trans- 
mission line. 1 .5-V LS1 1 has driver (D) 4, receiver (R) 5, resistors 8a and 8b 
forming a CTT termination, and switches 1 0a and 1 0b. 1 .2-V LSI 2 has driver 
(D) 6, receiver (R) 7. resistors 9a and 9b that form a CTT tenninatlon, and 
switches 11a and lib. In the signal transmission system according to the first 
working example, 1 .5-V LS1 1 and 1 .2-V LSI 2 are supplied with a common ref- 
erence voltage Vref. 

According to the first working example, for sending a signal from 
1 .5-V LS1 1 to 1 .2-V LSI 2, the output of driver 6 of 1 .2-V LSI 2 Is set to a high 
impedance state, and switches 10a and 10b of 1 .5-V LS1 1 are tumed off. Con- 
versely, for sending a signal from 1 .2-V LSI 2 to 1.5-V LS1 1 , the output of 
driver 4 of 1 .5-V LS1 1 is set to a high Impedance state, and switches 1 la and 
1 1 b of 1 .2-V LSI 2 are tumed off. A reference voltage Vref 1 to be referred to 
when a signal Is to be sent from 1 .2-V LSI 2 to 1 .5-V LS1 1 , and a reference 
voltage Vref2 to be referred to when a signal is to be sent from 1 .5-V LSI 1 to 
1 .2-V LSI 2, are brought Into confomnity with each other. Specifically, they are 
set as Vref 1 = Vref2 = 0.25 (VI + V2) where VI represents a higher power 
supply voltage VDDQ (1 .5 V in FIG. 9) of power supply voltages VDDQ sup- 
plied to the two LSIs, and V2 represents a lower power supply voltage VDDQ 
(1.2 V in FIG. 9). Therefore, the reference voltage Vrefl = Vref2 = 0.675 V. 

The reference voltage Vref can be expressed using high and low 
levels of output signals from the LSIs. If the signal sent from 1 .5-V LS1 1 has a 
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high level VOH2 and a low level V0L2, then the reference voltage Vref2 = 0.5 
(VOH2 + VOL2). If the signal sent from 1 .2-V LSI 2 has a high level VOH1 and 
a low level VOL1 , then the reference voltage Vrefl = 0.5 (VOH1 + VOL1). By 
thus setting the reference voltage Vref, two types of power supply voltages 
5 VDDQ and one type of reference voltage Vref are sufficient, and the reference 
voltage Vref can easily be generated. 

While FIG. 9 shows an arrangement for sending and receiving a 
single-ended signal, an arrangement for sending and receiving a differential 
signed may be employed. In such an arrangement, the components shown in 

10 FIG. 9 may be provided for a true signal system and a bar signal system. Fur- 
thermore, as described later, a bridge termination (bridge terminating circuit) 
may be used between a true signal and a bar signal. 

FIG. 10 is a circuit diagram of an arrangement of a first embodi- 
ment of a signal transmission system according to the present invention. 

15 FIG. 1 0 shows a specific example of the signal transmission sys- 

tem according to the first worl<ing example, for sending and receiving a single- 
ended signail. FIG. 1 0(a) shows an equivalent circuit for sending a signal from 
1 .5-V LS1 1 to 1 .2-V LSI 2, and FIG. 10(b) shows an equivalent circuit for send- 
ing a signal from 1 .2-V LSI 2 to 1 .5-V LS1 1 . 

20 In FIG. 1 0, switches that are turned off, receivers, and drivers 

that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are Included in the values of resis- 
tors 8a, 8b, 9a and 9b. 

25 The driver for sending a signal comprises a pMOS and an 

nMOS transistors which are push-pull-connected. Bidirectional bus 3 which Is 
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a transmission line has a characteristic impedance ZO of 40 ? . and the receiver 
for receiving a signal Is CTT-terminated. 

In the signal transmission system according to the first embodi- 
ment, for sending a signal from 1 .5-V LS1 1 , the values of resistors 9a and 9b 
forming a CTT termination on the signal reception side are set to 2Z0 = 80 ? . 
The value of the terminating resistor Is the same as the value obtained when 
resistors 9a and 9b are connected parallel to each other, and is 40 ? . There- 
fore, the signal reception end and bidirectional bus 3 are impedance-matched. 

The on resistance of the nMOS transistor of the driver Is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 3, 
e.g., 20 ? . and the on resistance of the pMOS transistor of the driver is set to 
25.45 ? . In this manner, V0H2 = 1 .15 V, VOL2 = 0.2 V, and the reference 
voltage Vref2 is 0.675 V. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.475 V, the signal amplitude value Is 
sufficiently maintained. 

For sending a signal from 1 .2-V LSI 2, the values of resistors 8a 
and 8b forming a CTT termination on the signal reception side are set to 2Z0 = 
80 ? . The value of the terminating resistor is the same as the value obtained 
when resistors 8a and 8b are connected parallel to each other, and is 40 ? . 
Therefore, the signal reception end and bidirectional bus 3 are impedance- 
matched. 

The on resistance of the pMOS transistor of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 3. 
e.g., 20 ? , and the on resistance of the nIVIOS transistor of the driver Is set to 
26.67 ? . In this manner, VOH1 = 1 .05 V, VOL2 = 0.3 V, and the reference 
voltage Vrefl Is 0.675 V. which Is In confomilty with the value of Vref2. Since a 
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signal amplitude value ? with respect to the reference voltage Vref 1 is 0.375 V, 
the signal amplitude value is sufficiently maintained. 

Tlie path of retum current of a signal flowing on bidirectional bus 
3 is a ground plane which is common to 1 .5-V LS1 1 and 1 .2-V LSI 2. This 
makes it easy to design a printed board. If the power supply voltage VDDQ Is 
used as the path of return current, then since the 1 .5-V power supply and the 
1 .2-V power supply need to be used as the path of retum current, problems 
arise which make the layout of interconnections difficult and increase the num- 
ber of layers of the printed board. Therefore, it is preferable that the path of re- 
tum current of a signal flowing on bidirectional bus 3 be a ground plane. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Furthermore, because the reference voltage Vref is 
set to 0.25 (V1 + V2), a reference voltage generating circuit for generating the 
reference voltage Vref can easily be arranged. Therefore, the cost of the sys- 
tem can be lowered. As the value of the reference voltage Vref does not devi- 
ate largely from the value of 1/2 of the power supply voltages VDDQ, a suffi- 
cient voltage Is applied between the drain and source of the pMOS transistor 
and the nMOS transistor of each driver, enabling efficient operation of the 
pMOS and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which is required to operate at a 
high speed. 

1.5-V LS1 1 and 1.2-V LSI 2 may be combined as DRAM and 
. buffer, buffer and chipset. DRAM and chipset, etc. 1 .5-V LS1 1 and 1 .2-V LSI 2 
may be installed on a DIMM (Dual In-line Memory Module) or a PCB, one of 
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the LSIs may be installed on a DIMM and the other LSI on a PCB or a mother- 
board. They may be used In various applications. 

In FIG. 10, an on-die termination disposed in the LSI is illus- 
trated as the resistors for use as a termination. However, the resistors for use 
5 as a termination may be added to the LSI. in FIG. 10, the LSIs are intercon- 
nected point-to-point using the bidirectional bus. However, the system may be 
applied to a fly-by (or daisy-chain) bus configuration wherein a plurality of LSIs 
are connected in a transmission line, or an arrangement wherein a plurality of 
stubs are provided in a bus, with an LSI connected to each stub. These ar- 
10 rangements are also applicable to various embodiments to be described below. 

FIGS. 1 1 A and 1 1 B are circuit diagrams of arrangements of ref- 
erence voltage generating circuits for use in the signal transmission system ac- 
cording to the first embodiment shown in FIG. 10. 

FIGS. 1 1 A and 1 1 B show circuits for generating the reference 
15 voltage Vrefl = 0.25 (V1 + V2). FIG. 1 1 A shows a circuit for generating the 
reference voltage Vref using four resistors having the same value, and FIG. 
1 1 B shows a circuit for generating the reference voltage Vref using six resistors 
having the same value. Each of the resistors R can be selected depending on 
the varying tendency of Its value. These simple arrangements make it possible 
20 to generate the reference voltage Vref. 

FIG. 1 2 shows a generalized circuit of the signal transmission 
system according to the first embodiment shown in FIG. 10. 

FIG. 1 2(a) shows an equivalent circuit for sending a signal from 
LS1 1 having a power supply voltage VDDQ = VI system to LSI 2 having a 
25 power supply voltage VDDQ = V2 system, and FIG. 12(b) shows an equivalent 
circuit for sending a signal from V2 LSI 2 to VI LS1 1 . In FIG. 12, VI > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 



pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the Illustration, and the resistances of switches 
that are tumed on, are Included In the values of the resistors fonning the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 3 which is 
a transmission line has a characteristic impedance ZO. and the receiver for re- 
ceiving a signal Is CTT-terminated. 

For sending a signal from VI LS1 1 , the values of resistors 9a 
euid 9b forming a CTT termination on the signal reception side are set to 2Z0. 
Since the value of the terminating resistor is the same as the value obtained 
when resistors 9a and 9b are connected parallel to each other, the signal re- 
ception end and bidirectional bus 3 are impedance-matched. 

The on resistance of nMOS transistor 4b of the driver Is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 3, 
i.e., R ? , and the on resistance of pl\/10S transistor 4a of the driver is set to R1 
? so that the reference voltage Vref = 0.25 (V1 + V2). At this time, R1 be- 
comes: 

R1 = Z0(V2 Z0-V1 R-VI •Z0)/(V2 R-V1 ZO-VI R) 
The high level VOH2 and low level VOL2 of the transmission 
signal are given as: 

VOH2 = (V1-0.5V2)Z0/(R1+Z0)+0.5V2 
VOL2 = 0.5V2R/(Z0+R) 

For sending a signal from V2 LSI 2, the values of resistors 8a 
and 8b forming a CTT termination on the signal reception side are set to 2Z0 
as Is the case with the foregoing operation. Since the value of the terminating 
resistor Is the same as the value obtained when resistors 8a and 8b are con- 
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nected parallel to each other, the signal reception end and bidirectional bus 3 
are impedance-matched. 

The on resistance of pMOS transistor 6a of the driver Is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 3, 
i.e., R3 ? , and the on resistance of nMOS transistor 6b of the driver is set to R2 
? so that Vref = 0.25 (VI + V2). At this time, R2 becomes: 

R2 = Z0(V1Z0+V2R3-V2Z0)/(V1R3+V2Z0-V2R3) 

The high level VOH1 and low level VOL1 of the transmission 
signal are given as: 

VOH1 = (V2-0.5V1)Z0/(R3+Z0)+0.5V1 

VOL1 =0.5V1R2/(Z0+R2) 

The path of return current of a signal flowing on bidirectional bus 
3 is a ground plane which is common to VI LS1 1 and V2 LSI 2. This makes It 
easy to design a printed board. If the power supply voltage VDDQ is used as 
the path of return current, then since the VI power supply and the V2 power 
supply need to be used as the path of return current, problems arise which 
mal<e the layout of interconnections difficult and increase the number of layers 
of the printed board. Therefore, it is preferable that the path of retum current of 
a signal flowing on bidirectional bus 3 be a ground plane. This also applies to 
the examples to be described below. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Furthermore, because the reference voltage Vref is 
set to 0.25 (VI -I- V2), the reference voltage Vref can easily be generated. 
Therefore, the cost of the system can be lowered. As the value of the refer- 
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ence voltage Vref does not deviate largely from the value of 1/2 of the power 
supply voltages VDDQ, a sufficient potential is applied between the drain and 
source of the pMOS transistor and the nMOS transistor of each driver, enabling 
efficient operation of the pMOS and the nMOS transistors. Moreover, since 
5 their input/output capacities can be reduced, they can be used in a circuit which 
is required to operate at a high speed. 

FIG. 13 is a circuit diagram of an arrangement of a second em- 
bodiment of a signal transmission system according to the present invention. 
FIG. 13 shows a specific example of the signal transmission system according 

10 to the first working example, for sending and receiving a single-ended signal. 
FIG. 13(a) shows an equivalent circuit for sending a signal from 1.5-V LS1 1 to 
1 .2-V LSI 2, and FIG. 13(b) shows an equivalent circuit for sending a signal 
from 1 .2-V LSI 2 to 1 .5-V LS1 1 . 

In FIG. 13, switches that are turned off, receivers, and drivers 

15 that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 8a, 8b, 9a and 9b. 

The driver for sending a signal comprises a pMOS and an 

20 nMOS transistors which are push-pull-connected. Bidirectional bus 3 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal Is CTT-terminated. 

In the signal transmission system according to the second em- 
bodiment, for sending a signal from 1 .5-V LS1 1 , the on resistance of pMOS 

2 5 transistor 4a of the driver and the on resistance of nMOS transistor 4b of the 
driver thereof are set to 40 ? In confonnity with the characteristic Impedance of 
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bidirectional bus 3. According to the present enrjbodiment, therefore, the on 
resistance of the driver and bidirectional bus 3 are impedance-matched. 

The value of resistor 9a which terminates the reception side is 
set to a value equal to or higher than twice the characteristic impedance of bidi- 
rectional bus 3, e.g., 120 ? , and the value of resistor 9b is set to 108 ? . With 
these settings, V0H2 = 1 .1 15 V, V0L2 = 0.235V, and the reference voltage 
Vref2 is 0.675 V. In this case, since a signal amplitude value ? with respect to 
the reference voltage Vref2 is 0.44 V, the signal amplitude value is sufficiently 
maintained. 

For sending a signal from 1 .2-V LSI 2, the on resistance of 
pMOS transistor 6a of the driver and the on resistance of nMOS transistor 6b of 
the driver thereof are set to 40 ? in conformity with the characteristic imped- 
ance of bidirectional bus 3. According to the present embodiment, therefore, 
the on resistance of the driver and bidirectional bus 3 are impedance-matched. 

The value of resistor 8b which terminates the reception side is 
set to a value equal to or higher than twice the characteristic impedance of bidi- 
rectional bus 3, e.g., 120 ? , and the value of resistor 8a is set to 1 10 ? . With 
these settings, V0H1 = 1 .029 V, VOL1 = 0.321 V, and the reference voltage 
Vrefl = 0.675 V. In this case, since a signal amplitude value ? with respect to 
the reference voltage Vrefl is 0.354 V, the signal amplitude value is sufficiently 
maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic Impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Furthennore, because the reference voltage Vref is 
set to 0.25 (VI + V2), the reference voltage Vref can easily be generated. 
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Therefore, the cost of the system can be lowered. As the value of the refer- 
ence voltage Vref does not deviate largely from the value of 1/2 of the power 
supply voltages VDDQ. a sufficient voltage is applied between the drain and 
source of the pMOS transistor and the nMOS transistor of each driver, enabling 
efficient operation of the pMOS and the nMOS transistors. Moreover, since 
their input/output capacities can be reduced, they can be used in a circuit which 
is required to operate at a high speed. 

FIG. 14 shows a generalized circuit of the signal transmission 
system according to ttie second embodiment shown In FIG. 1 3. 

FIG. 14(a) shows an equivalent circuit for sending a signal from 
LS1 1 having a power supply voltage VDDQ = VI system to LSI 2 having a 
power supply voltage VDDQ = V2 system, and FIG. 14(b) shows an equivalent 
circuit for sending a signal from V2 LSI 2 to VI LS1 1 . 

In FIG. 14, VI > V2. Switches that are tumed off, receivers, and 
drivers that are set to a high impedance state on the signal reception side that 
do not contribute to the values of potentials, are omitted from the illustration, 
and the resistances of switches that are tumed on, are included in the values of 
the resistors forming the terminating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 3 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is CTT-terminated. 

For sending a signal from VI LS1 1 , the on resistance of pMOS 
transistor 4a of the driver and the on resistance of nMOS transistor 4b of the 
driver thereof are set to ZO in conformity with the characteristic impedance of 
bidirectional bus 3. According to the present embodiment, therefore, the on re- 
sistance of the driver and bidirectional bus 3 are impedance-matched. 
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The value of resistor 9a which terminates the reception side is 
set to a value equal to or higher than twice the characteristic Impedance of bidi- 
rectional bus 3, e.g., R ? , and the value of resistor 9b is set to R2 ? so that the 
reference voltage Vref = 0.25 (VI + V2). At this time. R2 becomes: 
R2 = RZ0(V1+V2)/(V1R+3V2Z0-V1Z0-V2R) 
The high level VOH2 and low level VOL2 of the transmission 
signal are given as: 

V0H2 = (RR2V1+R2Z0V2)/(Z0R+RR2+R2Z0) - 

VOL2 = R2Z0V2/(Z0R2+RR2+RZ0) 

For sending a signal from V2 LSI 2, the on resistance of pMOS 
transistor 6a of the driver and the on resistance of nMOS transistor 6b of the 
driver thereof are set to ZO in conformity with the characteristic impedance of 
bidirectional bus 3. According to the present embodiment, therefore, the on re- 
sistance of the driver and bidirectional bus 3 are Impedance-matched. 

The value of resistor 8b which terminates the reception side is 
set to a value equal to or higher than twice the characteristic impedance of bidi- 
rectional bus 3, e.g., R3 ? , and the value of resistor 8a is set to R1 ? so that 
the reference voltage Vref = 0.25 (VI + V2). At this time. R1 becomes: 

R1 = R3Z0(3V1-V2)/(V1R3+V1Z0-V2R3+V2Z0) 

The high level VOH1 and low level V0L1 of the transmission 
signal are given as: 

VOH1 = (R3R1V2+R3Z0V1)/(Z0R1+R3R1+R3Z0) 

VOL1 = R3Z0V1/(Z0R1+R3R1+R3Z0) 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal Integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
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voltage Vref are sufficient. Furthermore, because the reference voltage Vref Is 
set to 0.25 (VI + V2), the reference voltage Vref can easily be generated. 
Therefore, the cost of the system can be lowered. As the value of the refer- 
ence voltage Vref does not deviate largely from the value of 1/2 of the power 
supply voltages VDDQ, a sufficient voltage is applied between the drain and 
source of the pMOS transistor and the nMOS transistor of each driver, enabling 
efficient operation of the pMOS and the nMOS transistors. Moreover, since 
their input/output capacities can be reduced, they can be used in a circuit which 
is required to operate at a high speed. 

FIG. 15 is a circuit diagram of an arrangement of a third em- 
bodiment of a signal transmission system according to the present invention. 
FIG. 15 shows a specific example of the signal transmission system according 
to the first worl<ing example, for sending and receiving a single-ended signal. 
FIG. 15(a) shows an equivalent circuit for sending a signal from 1 .5-V LS1 1 to 
1 .2-V LSI 2, and FIG. 1 5(b) shows an equivalent circuit for sending a signal 
from 1 .2-V LSI 2 to 1 .5-V LSI 1 . 

In FIG. 15, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 8a, 8b, 9a and 9b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 3 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is CTT-terminated. 

In the signal transmission system according to the third em- 
bodiment, for sending a signal from 1 .5-V LSI1 , the on resistance of pMOS 
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transistor 4a of the driver and the on resistance of nMOS transistor 4b of the 
driver thereof are set to 40 ? In conformity with the characteristic impedance of 
bidirectional bus 3. The values of resistors 9a and 9b which tenninate the re- 
ception side are set to a value which is twice the characteristic impedance of 
bidirectional bus 3, i.e., 80 ? . In this case, both the on resistance of the driver 
and the terminating resistor and bidirectional bus 3 are impedance-matched. 
With these settings, VOH2 = 1 .05 V, V0L2 = 0.30 V. and the reference voltage 
Vref2 is 0.675 V. Consequently, since a signal amplitude value ? with respect 
to the reference voltage Vref2 is 0.375 V, the signal amplitude value is suffi- 
ciently maintained. 

For sending a signal from 1 .2-V LSI 2, the on resistance of 
pMOS transistor 6a of the driver and the on resistance of nMOS transistor 6b of 
the driver thereof are set to 40 ? In conformity with the characteristic imped- 
ance of bidirectional bus 3. The values of resistors 8a and 8b which tenninate 
the reception side are set to a value which is twice the characteristic imped- 
ance of bidirectional bus 3, i.e., 80 ? . In this case, both the on resistance of 
the driver and the terminating resistor and bidirectional bus 3 are impedance- 
matched. With these settings, VOH1 = 0.975 V, VOL1 = 0.375 V, and the ref- 
erence voltage Vref 1 is 0.675 V. Consequently, since a signal amplitude value 
? with respect to the reference voltage Vref1 is 0.30 V, the signal amplitude 
value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. Ac- 
cording to the present embodiment, inasmuch as the on resistance of each 
driver and the value of each temriinatlng resistor match the transmission line, 
the signal Integrity is particularly excellent. In addition, two types of power 
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supply voltages VDDQ and one type of reference voltage Vref are sufficient. 
Furthermore, because the reference voltage Vref Is set to 0.25 (VI -i- V2), the 
reference voltage Vref can easily be generated. Therefore, the cost of the sys- 
tem can be lowered. As the value of the reference voltage Vref does not devi- 
ate largely from the value of 1/2 of the power supply voltages VDDQ, a sufTi- 
clent potential is applied between the drain and source of the pMOS transistor 
and the nMOS transistor of each driver, enabling efficient operation of the 
pMOS and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which is required to operate at a 
high speed. 

FIG. 16 shows a generalized circuit of the signal transmission 
system shown in FIG. 15. 

FIG. 1 6(a) shows an equivalent circuit for sending a signal from 
LS1 1 having a power supply voltage VDDQ = VI system to LSI 2 having a 
power supply voltage VDDQ = V2 system, and FIG. 16(b) shows an equivalent 
circuit for sending a signal from V2 LSI 2 to VI LS1 1 . In FIG. 16, VI > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the illustration, and the resistances of switches 
that are turned on, are included in the values of the resistors forming the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 3 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is CTT-terminated. 

For sending a signal from VI LS1 1 , the on resistance of pMOS 
transistor 4a of the driver and the on resistance of nMOS transistor 4b of the 
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driver thereof are set to ZO In conformity with the characteristic impedance of 
bidirectional bus 3. The values of resistors 9a and 9b which tenninate the re- 
ception side are set to a value which is twice the characteristic impedance of 
bidirectional bus 3, i.e., 2Z0. In this case, both the on resistance of the driver 
5 and the terminating resistor and bidirectional bus 3 are impedance-matched. 

By thus setting the on resistance of the driver and the values of 
the resistors 9a and 9b, the high level VOH2 and low level VOL2 of the 
transmission signal and the reference voltage Vref2 are given as: 

V0H2 = 0.5V1 +0.25V2 
10 VOL2 = 0.25V2 

Vref2 = 0.25(V1+V2) 

For sending a signal from V2 LSI 2, the on resistance of pMOS 
transistor 6a of the driver and the on resistance of nMOS transistor 6b of the 
driver thereof are set to ZO in conformity with the characteristic impedance of 
15 bidirectional bus 3. The values of resistors 8a and 8b which terminate the re- 
ception side are set to a value which is twice the characteristic impedance of 
bidirectional bus 3, i.e., 2Z0. In this case, both the on resistance of the driver 
and the terminating resistor and bidlrectional bus 3 are impedance-matched. 

By thus setting the on resistance of the driver and the values of 
20 the resistors 8a and 8b, the high level VOH1 and low level VOL1 of the 
transmission signal and the reference voltage Vrefl are given as: 

VOH1 = 0.5V1 +0.5V2 

VOL2 = 0.25V1 

Vrefl =0.25(V1+V2) 

25 By thus setting the values of the terminating resistors and the on 

resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal Integrity. Ac- 
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cording to the present embodiment, insismucli as tiie on resistance of each 
driver and the value of each terminating resistor match the transmission line, 
the signal integrity Is particularly excellent. In addition, two types of power 
supply voltages VDDQ and one type of reference voltage Vref are sufficient. 
Furthermore, because the reference voltage Vref Is set to 0.25 (VI + V2), the 
reference voltage Vref can easily be generated. Therefore, the cost of the sys- 
tem can be lowered. As the value of the reference voltage Vref does not devi- 
ate largely from the value of 1/2 of the power supply voltages VDDQ, a suffi- 
cient potential is applied between the drain and source of the pMOS transistor 
and the nMOS transistor of each driver, enabling efficient operation of the 
pl\40S and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which is required to operate at a 
high speed. 

FIGS. 17A and 17B are block diagrams of an application of the 
signal trsmsmission system according to the first working example shown in 
FIG. 9. 

The signal transmission system shown in FIG. 1 7A is of an ar- 
rangement wherein 1 .5-V semiconductor integrated circuit device (LSI) 1 and 
1 .2-V semiconductor integrated circuit device (LSI) 2 are directly intercon- 
nected by bidirectional bus 3 which is a transmission line, and 1 .2-V semicon- 
ductor integrated circuit device (LSI) 2 and 1 .2-V semiconductor integrated cir- 
cuit device (LSI) 16 are directly interconnected by bidirectional bus 15 which is 
a transmission line. For example, 1.5-V LS1 1 and 1 .2-V LSI 2 are installed on 
DIMM 17. 

As shown in FIG. 17B, 1.5-V LS1 1 has driver (D) 4, and 1.2-V 
LSI 2 comprising receiver 7 for receiving a signal from 1 .5-V LS1 1 , resistors 8a 
and 8b forniing a CTT termination, receiver 19 for receiving a signal from 1 .2-V 
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LS1 16, and resistors 20a and 20b fomiing a CTT termination. 1 .2-V LS1 16 
has driver (D) 18. In FIG. 17B, 1 .2-V LSI 2 is shown as having only an ar- 
rangement for receiving signals from 1 .5-V LS1 1 and 1 .2-V LS1 16 for the sake 
of brevity. However, each 1^1 has an arrangement capable of bidirectionally 
5 transmitting signals. 

Between 1 .2-V LSI 2 and 1 .2-V LS1 16, for example, there may 
be transmitted a signal using the conventional signal transmission system 
shown in FIG. 3. However, since FIG. 3 shows an arrangement wherein the 
power supply voltage VDDQ is 1 .5 V. the power supply voltage VDDQ may be 

10 replaced with 1 .2 V in this embodiment. In that case, the value of tiie reference 
voltage Vref required for signal transmission is 0.6 V for both. 

Between 1 .5-V LS1 1 and 1 .2-V LS1 1 2, there may be transmitted 
a signal using the signal transmission system according to the first working ex- 
ample. In that case, the value of the reference voltage Vref required for signal 

15 transmission is 0.675 V for both. 

The signal transmission system shown in FIG. 1 7 is different 
from the conventional signal transmission system shown in FIG. 3 as to a proc- 
ess of setting the on resistance of the driver which sends a signal and the ref- 
erence voltage Vref. 

20 With this arrangement, two types of power supply voltages 

VDDQ and two types of reference voltages Vref are employed, so that the 
types of these voltages are fewer than heretofore. The reference voltages Vref 
can easily be generated. In the present working example, because there are 
two types of power supply voltages VDDQ supplied to DIMM 17, and many 1 .2- 

25 V power supply LSIs can be used, the electric power of the DIMM and the elec- 
tric power of the system can be reduced. 



FIGS. 18A and 18B are block diagrams of an application of the 
signal transmission system according to the first working example shown in 
FIG. 9. 

The signal transmission system shown in FIG. 1 8A is of an ar- 
rangement wherein 1 .5-V semiconductor integrated circuit device (LSI) 1 and 
1.2-V semiconductor Integrated circuit device (LSI) 2 are directly intercon- 
nected by bidirectional bus 3 which is a transmission line, and 1 .5-V semicon- 
ductor Integrated circuit device (LSI) 1 and 1 .5-V semiconductor integrated cir- 
cuit device (LSI) 21 are directly interconnected by bidirectional bus 22 which is 
a transmission line. For example, 1 .5-V LS1 1 and 1 .5-V LSI 21 are Installed on 
DIMM 17. 

As shown in FIG. 18B, 1.5-V LS1 1 has receiver 23 and resistors 
25a and 25b forming a CTT termination for receiving a signal from 1 .5-V LSI 
21 , and receiver 5 and resistors 8a and 8b fomning a CTT temnination for re- 
ceiving a signal from 1 .2-V LSI 2. 1 .5-V LSI 21 has driver 24, and 1 .2-V LSI 2 
has driver 6. In FIG. 18B, 1 .5-V LS1 1 is shown as having only an arrangement 
for receiving signals from 1 .5-V LSI 21 and 1 .2-V LS1 1 1 for the sake of brevity. 
However, each LSI has an arrangement capable of bidirectionally transmitting 
signals. 

Between 1 .5-V LSI 21 and LS1 1 1 , for example, there may be 
transmitted a signal using the conventional signal transmission system shown 
in FIG. 3. in that case, the value of the reference voltage Vref required for sig- 
nal transmission is 0.75 V for both. 

Between 1 .5-V LS1 1 and 1 .2-V LS1 12, there may be transmitted 
a signal using the signal transmission system according to the first working ex- 
ample. In that case, the value of the reference voltage Vref required for signal 
transmission Is 0.675 V for both. 
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With this arrangement, two types of power supply voltages 
VDDQ and two type of reference voltages Vref are employed, so that the types 
of these voltages are fewer than heretofore. The reference voltages Vref can 
easily be generated. In the present working example, since there is one type of 
power supply voltage VDDQ supplied to DIMM 17, the number of layers of the 
DIMM substrate can be reduced. 

FIG. 19 is a block diagram of an arrangement of a second work- 
ing example of a signal transmission system according to the present invention. 

As shown In FIG. 19, the signal transmission system according 
to the second working example is of an arrangement wherein 1 .5-V semicon- 
ductor integrated circuit device (LSI) 30 and 1 .2-V semiconductor integrated 
circuit device (LSI) 31 are directly interconnected by bidirectional bus 32 which 
is a transmission line, and 1 .2-V semiconductor integrated circuit device (LSI) 
31 and 1 .2-V semiconductor Integrated circuit device (LSI) 51 are directiy inter- 
connected by bidirectional bus 41 which is a transmission line. For example, 
1 .5-V LSI 30 and 1 .2-V LSI 31 are installed on DIMM 50. 

1 .5-V LSI 30 has driver (D) 33, receiver (R) 34, resistor 37 fomri- 
ing a VTT termination, and switch 38. 1 .2-V LSI 31 has driver (D) 35 receiver 
(R) 36, resistor 39 fomiing a VTT termination, and switch 40 for sending a sig- 
nal to and receiving a signal from 1 .5-V LSI 30, and driver (D) 42, receiver (R) 
43, resistor 46 forming a VTT termination, and switch 47 for sending a signal to 
and receiving a signal from 1 .2-V LSI 51 . 1 .2-V LSI 51 has driver (D) 44, re- 
ceiver (R) 45, resistor 48 forming a VTT termination, and switch 49. 

in the signal transmission system according to this working ex- 
ample, since 1 .2-V LSI 31 and LSI 51 transmit signals between LSIs that oper- 
ate under the same power supply voltage VDDQ, the temilnating voltage VTT 
is set to VTT = 0.5V2 = 0.6 V where V2 represents a low VDDQ value, i.e., 1 .2 
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V. 1 .2-V LSI 31 which relays signals between 1 .5-V LSI 30 and 1 .2-V LSI 51 is 
supplied with a low VDDQ value. 

With the above an-angement, for sending a signal from 1 .5-V LSI 
30 to 1 .2-V LSI 31 , the output of driver 35 of 1 .2-V LSI 31 is set to a high im- 
pedance state, and switch 38 of 1 .5-V LSI 30 is turned off. Conversely, for 
sending a signal from 1 .2-V LSI 31 to 1 .5-V LSI 30, the output of driver 33 of 
1 .5-V LSI 30 is set to a high impedance state, and switch 40 of 1 .2-V LSI 31 is 
turned off. A reference voltage Vref 1 to be referred to when a signal is to be 
sent from 1 .2-V LSI 31 to 1 .5-V LSI 30 and a reference voltage Vref2 to be re- 
ferred to vi^en a signal is to be sent from 1 .5-V LSI 30 to 1 .2-V LSI 31 are 
brought into conformity with each other. Specifically, they are set as Vrefl = 
Vref2 = 0.5V2 where V2 represents a lower power supply voltage VDDQ (1 .2 in 
FIG. 19) of power supply voltages VDDQ supplied to the two LSIs. Therefore, 
the reference voltage Vrefl = Vref2 = 0.6 V. 

The reference voltage Vref can be expressed using high and low 
levels of output signals from the LSIs. If the signal sent from 1 .5-V LSI 30 has 
a high level VOH2 and a low level VOL2. then the reference voltage Vref2 is 
0.5 (VOH2 + VOL2). If the signal sent from 1 .2-V LSI 31 has a high level 
VOH1 and a low level VOL1 . then the reference voltage Vrefl Is 0.5 (VOH1 -f 
VOL1). Between 1 .2-V LSI 31 and LSI 51 , for example, there may be transmit- 
ted a signal using the conventional signal transmission system shown In FIG. 
7(b). In that case, the value of the reference voltage Vref required for signal 
transmission is 0.6 V for both. By thus setting the reference voltage Vref, two 
types of power supply voltages VDDQ, one type of terminating voltage VTT, 
and one type of reference voltage Vref are sufficient, and the reference voltage 
Vref can easily t>e generated. 
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In the present working example, because there are two types of 
power supply voltages VDDQ supplied to DIMM 50, and many 1.2-V power 
supply LSIs can be used, the electric power of the DIMM and the electric power 
of the system can be reduced. 

FIG. 20 is a circuit diagram of an arrangement of a fourth em- 
bodiment of a signal transmission system according to the present invention. 

FIG. 20 shows a specific example of the signal transmission sys- 
tem according to the second working example, for sending and receiving a sin- 
gle-ended signal. FIG. 20 shows only a circuit between 1.5-V LSI 30 and 1.2-V 
LSI 31 . The fourth embodiment is effective not only for transmitting signals be- 
tween the three LSIs shown in FIG. 19. but also for transmitting signals be- 
tween the two LSIs that operate under different power supply voltages as 
shown in FIG. 20. FIG. 20(a) shows an equivalent circuit for sending a signal 
from 1 .5-V LSI 30 to 1 .2-V LSI 31 . and FIG. 20(b) shows an equivalent circuit 
for sending a signal from 1 .2-V LSI 31 to 1 .5-V LSI 30. 

In FIG. 20, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 37 and 39. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 32 which is 
a transmission line has a characteristic Impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-temninated. 

In the signal transmission system according to the fourth em- 
bodiment, for sending a signal from 1 .5-V LSI 30, the value of resistor 39 form- 
ing a VTT termination on the signal reception side is set to 40 ? , which is the 
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same as the characteristic impedance ZO of bidirectional bus 32. In this case, 
the terminating resistor and bidirectional bus 32 are impedance-matched. 

The on resistance of nMOS transistor 33b of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
5 32, e.g., 20 ? , and the on resistance of pMOS transistor 33a of the driver is set 
to 50 ? . In this manner, VOH2 = 1 .00 V, VOL2 = 0.20 V, and the reference 
voltage Vref2 is 0.60 V. In this case, the value of the reference voltage Vref2 Is 
1/2 of the low VDDQ value (1 .2 V). Since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.40 V, the signal amplitude value is suf- 

10 ficiently maintained. 

In the present embodiment, the on resistance of pMOS transis- 
tor 33a is greater than the characteristic impedance ZO of bidirectional bus 32. 
By adjusting these values, the amplitude of the signal can be changed, if the 
signal amplitude is to be made greater, other values may be combined. For 

15 example, if the on resistance of pMOS transistor 33a = 35 ? and the on resis- 
tance of nMOS transistor 33b = 10?, then VOH2 = 1 .08 V, VOL2 = 0.12 V, 
and the reference voltage Vref2 is 0.60 V. 

For sending a signal from 1 .2-V LSI 31, the valuie of resistor 37 
fonfning a VTT termination on the signal reception side is set to 40 ? , which is 

20 the same as the characteristic impedance ZO of bidirectional bus 32. In this 

case, the terminating resistor and bidirectional bus 32 are impedance-matched. 

The on resistance of pMOS transistor 35a of the driver and the 
on resistance of nMOS transistor 35b of the driver thereof are set to a value 
equal to or lower than the characteristic impedance of bidirectional bus 32. e.g., 

25 20 ? . In this manner, V0H1 = 1 .00 V, V0L2 = 0.20 V, and the reference volt- 
age Vref 1 is 0.60 V, which Is in conformity with the reference voltage Vref2. In 
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this case, since a signal amplitude value ? with respect to the reference voltage 
Vref1 is 0.40 V, the signal amplitude value is sufficiently maintained. 

In the present embodiment, the on resistance of pMOS transis- 
tor 33a is greater than the characteristic impedance ZO of bidirectional bus 32. 
By adjusting these values, the amplitude of the signal can be changed. If the 
signal amplitude is to be made greater, other values may be combined. For 
example, if the on resistance of pMOS transistor 33a is 35 ? and the on resis- 
tance of nIVIOS transistor 33b is 10 ? , then VOH2 = 1.08 V, VOI-2 = 0.12 V, 
and the reference voltage Vref2 is 0.60 V. 

The path of return current of a signal flowing on bidirectional bus 
32 is a ground plane which Is common to 1 .5-V LSI 30 and 1 .2-V LSI 31 . This 
makes it easy to design a printed board. If the power supply voltage VDDQ is 
used as the path of return current, then since the 1 .5-V power supply and the 
1 .2-V power supply need to be used as the path of return current, problems 
arise which make the layout of interconnections difficult and increase the num- 
ber of layers of the printed board. Therefore, it is preferable that the path of re- 
turn current of a signal flowing on bidirectional bus 32 be a ground plane. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ, one type of terminating 
voltage VTT, and one type of reference voltage Vref are sufficient. Further- 
more, because the reference voltage Vref is set to 0.5V2, the reference voltage 
Vref can easily be generated. Therefore, the cost of the system can be low- 
ered. As the value of the reference voltage Vref does not deviate largely from 
the value of 1/2 of the power supply voltages VDDQ, a sufficient voltage is ap- 
plied between the drain and source of the pMOS transistor and the nl\/IOS tran- 
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sistor of each driver, enabling efficient operation of the pMOS and the nMOS 
transistors. Moreover, since their inpirt/output capacities can be reduced, they 
can be used in a circuit which is required to operate at a high speed. 

FIG. 21 is a circuit diagram of an arrangement of a generalized 
5 circuit of the signal transmission system according to the fourth embodiment 
shown in FIG. 20. 

FIG. 21 (a) shows an equivalent circuit for sending a signal from 
LSI 30 having a power supply voltage VDDQ = VI system to LSI 31 having a 
power supply voltage VDDQ = V2 system, and FIG. 21 (b) shows an equivalent 

10 circuit for sending a signal from V2 LSI 31 to VI LSI 30. In FIG. 21 , VI > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the illustration, and the resistances of switches 
that are turned on, are included in the values of the resistors forming the termi- 

15 nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 32 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is VTT-terminated. 

20 For sending a signal from VI LSI 30, the value of resistor 39 

forming a VTT termination on the signal reception side is set to a value which is 
the same as the characteristic impedance ZO of bidirectional bus 32. In this 
case, the terminating resistor and bidirectional bus 32 are impedance-matched. 

The on resistance of nMOS transistor 33b of the driver is set to a 

25 value equal to or lower than the characteristic impedance of bidirectional bus 
32, e.g.. R ? . and the on resistance of pMOS transistor 33a of the driver is set 
to R1 ? so that the reference voltage Vref2 = 0.5V2. At this time. R1 becomes: 
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R1 =2V1(R+Z0)/V2.(2Z0+R) 

The high level V0H2 and low level VOL2 of the transmission 
signal are given as: 

VOH2 = (V2Z0+0.5V2R)/(R+Z0) 
VOL2 = 0.5V2R/(R+Z0) 

For sending a signal from V2 LSI 31 , the value of resistor 37 
forming a VTT termination on the signal reception side Is set to a value which is 
the same as the characteristic Impedance ZO of bidirectional bus 32. In this 
case, the terminating resistor and bidirectional bus 32 are impedance-matched. 

The on resistance of pMOS transistor 33a of the driver and the 
on resistance of nMOS transistor 35b of the driver thereof are set to a value 
equal to or lower than the characteristic impedance of bidirectional bus 32, e.g., 
R2 ? . At this time, the reference voltage Vref 1 becomes: 

Vref1 = 0.5V2 

The high level VOH1 and low level VOL1 of the transmission 
signal are given as: 

VOH1 = (V2Z0+0.5V2R2)/(R2+Z0) 
VOL1 = 0.5V2R2/(R2+Z0) 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ, one type of terminating 
voltage VTT, and one type of reference voltage Vref are sufficient. Further- 
more, because the reference voltage Vref is set to 0.5V2, reference voltage 
Vref can easily be generated. Therefore, the cost of the system can be low- 
ered. As the value of the reference voltage Vref does not deviate largely from 
the value of 1/2 of the power supply voltages VDDQ, a sufficient potential Is 
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applied between the drain and source of the pMOS transistor and the nMOS 
transistor of each driver, enabling efficient operation of the pMOS and the 
nMOS transistors. Moreover, since their Input/output capacities can be re- 
duced, they can be used in a circuit which is required to operate at a high 
speed. 

FIG. 22 Is a circuit diagram of an arrangement of a fifth embodi- 
ment of a signal transmission system according to the present Invention. 

FIG. 22 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 55 and 1 .2-V LSI 56. FIG. 22(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 55 to 1 .2-V LSI 56, and FIG. 22(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 56 to 1 .5-V LSI 
55. 

In FIG. 22, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are Included in the values of resis- 
tors 60a, 60b, 62a and 62b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 57 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is CTT-terminated. 

In the signal transmission system according to the fifth embodi- 
ment, for sending a signal from 1 .5-V LSI 55, the on resistance of the pMOS 
transistor 59a of the driver and the on resistance of nMOS transistor 59b of the 
driver thereof are set to 40 ? , which is the same as the characteristic imped- 
ance of bidirectional bus 57. In this case, the on resistance of the driver and 
bidirectional bus 57 are impedance-matched. 
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The value of resistor 60a forming the CTT termination on the 
signal reception side Is set to a value equal to or higher than 2Z0 of bidirec- 
tional bus 57, e.g., 120 ? , and the value of resistor 60b is set to 97.78 ? . In 
this manner, V0H2 = 1 .09 V, V0L2 = 0.23 V, and the reference voltage Vref2 
is 0.66 V. In this case, since a signal amplitude value ? with respect to the ref- 
erence voltage Vref2 is 0.43 V, the signal amplitude value is sufficiently main- 
tained. 

For sending a signal from 1 .2-V LSI 56, the on resistance of 
pMOS transistor 61a of the driver and the on resistance of nMOS transistor 61 b 
of the driver thereof are set to 40 ? , which is the same as the characteristic 
impedance of bidirectional bus 57. In this case, the on resistance of the driver 
and bidirectional bus 57 are impedance*matched. 

The value of resistor 62b forming the CTT termination on the 
signal reception side is set to a value equal to or higher than 2Z0 of bidirec- 
tional bus 57, e.g., 120 ? , and the value of resistor 62a is also set to 120 ? . In 
this manner, VOH2 = 1.02 V, VOL2 = 0.30 V. and the reference voltage Vrefl 
is 0.66 V which is in conformity with the reference voltage Vref2. In this case, 
since a signal amplitude value ? with respect to the reference voltage Vrefl is 
0.36 V, the signal amplitude value Is sufficiently maintained. 

The path of return current of a signal flowing on bidirectional bus 
57 is a ground plane which is common to 1.5-V LSI 55 and 1.2-V LSI 56. This 
makes it easy to design a printed board. If the power supply voltage VDDQ is 
used as the path of return current, then since the 1 .5-V power supply and the 
1 .2-V power supply need to be used as the path of return current, problems 
arise which make the layout of interconnections difficult and increase the num- 
ber of layers of the printed board. Therefore, it is preferable that the path of re- 
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turn current of a signal flowing on bidirectional bus 57 be a ground plane. This 
holds true for the examples below, and will not be described below. 

By thus setting the values of the temninating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, the minimum 
amplitude of the transmission signal can be slightly greater than with the sec- 
ond embodiment. Furthermore, as the value of the reference voltage Vref does 
not deviate largely from the value of 1/2 of the power supply voltages VDDQ, a 
sufficient potential is applied between the drain and source of the pMOS tran- 
sistor and the nMOS transistor of each driver, enabling efficient operation of the 
pMOS and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which Is required to operate at a 
high speed. 

FIG. 23 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the fifth embodiment 
shown in FIG. 22. 

FIG. 23(a) shows an equivalent circuit for sending a signal from 
LSI 55 having a power supply voltage VDDQ = VI system to LSI 56 having a 
power supply voltage VDDQ = V2 system, and FIG. 23(b) shows an equivalent 
circuit for sending a signal from V2 LSI 56 to VI LSI 55. In FIG. 23, VI > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the Illustration, aind the resistances of switches 
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that are turned on, are included in tlie values of the resistors forming the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 57 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is CTT-terminated. 

For sending a signal from V1 LSI 55, the on resistance of the 
pMOS transistor 59a of the driver and the on resistance of nMOS transistor 59b 
of tiie driver thereof are set to ZO, which is the same as the characteristic im- 
pedance of bidirectional bus 57. In this case, the on resistance of the driver 
and bidirectional bus 57 are Impedance-matched. 

The value of resistor 60a forming a CTT termination on the sig- 
nal reception side is set to a value equal to or higher than 2Z0 of bidirectional 
bus 57, e.g., R ? , and the value of resistor 60b is set to R1 ? . 

R1 satisfies the following equation: 

R1 =2RZ0(V1 •Z0+0.5V2R)/(V2RZ0+RRV1 +4Z0Z0V2- 
RRV2-2Z0Z0V1) 
Thus, 

V0H2 = (RRV1 +R1 •Z0V2)/(RR1 +R1 ZO+RZO) 

VOL2 = R1 •Z0V2/(RR1 +RZ0+R1 ZO) 

Vref2 = (0.5V1Z0+0.25V2R)/(Z0+0.5R) 

For sending a signal from V2 LSI 56, the on resistance of the 
pMOS transistor 61a of the driver and the on resistance of nMOS transistor 61 b 
of the driver thereof are set to ZO, which is the same as the characteristic im- 
pedance of bidirectional bus 57. In this case, the on resistance of the driver 
and bidlrectionalbus 57 are impedance-matehed. 
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The value of resistor 62b forming a CTT termination on the sig- 
nal reception side is set to a value equal to or higher than 2Z0 of bidirectional 
bus 57, e.g., R ? , and the value of resistor 62a Is also set to R ? . 

Thus, 

5 VOH1 = (0.5V1 •Z0+0.5V2R)/(Z0+0.5R) 

VOL1 =0.5V1Z0/(Z0+0.5R) 

Vrefl = (0.5V1Z0+0.25V2R)/(Z0+0.5R) 

The value of Vrefl is the same as the value of Vref2. 

By thus setting the values of the terminating resistors and the on 
10 resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, the minimum 

15 amplitude of the transmission signal can be slightly greater than with the ex- 

— ' 

ample shown in FIG. 14. Furthermore, as the value of the reference voltage 
Vref does not deviate largely from the value of 1/2 of the power supply voltages 
VDDQ, a sufficient potential is applied between the drain and source of the 
pMOS transistor and the nMOS transistor of each driver, enabling efficient op- 

20 eration of the pMOS and the nMOS transistors. Moreover, since their in- 
put/output capacities can be reduced, they can be used in a circuit which is re- 
quired to operate at a high speed. 

FIG. 24 is a circuit diagram of an arrangement of a sixth em- 
bodiment of a signal transmission system according to the present invention. 

25 FIG. 24 shows a circuit example for transmitting a single-ended 

signal between 1 .5-V LSI 55 and 1 .2-V LSI 56. FIG. 24(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 55 to 1 .2-V LSI 56, and FIG. 24(b) 
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shows an equivalent circuit for sending a signal from 1 .2-V LSI 56 to 1 .5-V LSI 
55. 

In FIG. 24, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are tumed on, are Included in the values of resis- 
tors 60a, 60b, 62a and 62b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 57 vt^ich is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal Is CTT-terminated. 

In the signal transmission system according to the sixth em- 
bodiment, for sending a signal from 1 .5-V LSI 55, the on resistance of the 
pMOS transistor 59a of the driver and the on resistance of nMOS transistor 59b 
of the driver thereof are set to 40 ? , which is the same as the characteristic 
impedance of bidirectional bus 57. In this case, the on resistance of the driver 
and bidirectional bus 57 are impedance-matched. 

The value of resistor 60a and the value of resistor 60b forming a 
CTT termination on the signal reception side are set to a value equal to or 
higher than 2Z0 of bidirectional bus 57, e.g., 120 ? . In this manner, VOH2 = 
1 .14 V, VOL2 = 0.24 V, and the reference voltage Vref2 Is 0.69 V. In this case, 
since a signal amplitude value ? with respect to the reference voltage Vref2 is 
0.45 V, the signal amplitude value Is sufficiently maintained. 

For sending a signal from 1 .2-V LSI 56, the on resistance of the 
pMOS transistor 61a of the driver and the on resistance of nMOS transistor 61b 
of the driver thereof are set to 40 ? , which Is the same as the characteristic Im- 
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pedance of bidirectional bus 57. In this case, the on resistance of the driver 
and bidirectional bus 57 are impedance-matched. 

The value of resistor 62b forming a CTT termination on the sig- 
nal reception side is set to a value equal to or higher than 2Z0 of bidirectional 
bus 57, e.g., 120 ? , and the value of resistor 62a is set to 101 .25 ? . In this 
manner, VOH1 = 1 .037 V, VOL1 = 0.343 V, and the reference voltage Vref 1 is 
0.69 V, which is in conformity with the reference voltage Vref2. In this case, 
since a signal amplitude value ? with respect to the reference voltage Vref 1 is 
0.347 V, the signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, since the 
value of the reference voltage Vref can be set to a slightly higher value, the in- 
put circuit for receiving a signal with an nMOS transistor can possibly be de- 
signed with ease. Furthermore, as the value of the reference voltage Vref does 
not deviate largely from the value of 1/2 of the power supply voltages VDDQ, a 
sufficient potential is applied between the drain and source of the pMOS tran- 
sistor and the nMOSf transistor of each driver, enabling efficient operation of the 
pMOS and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which is required to operate at a 
high speed. 

The sixth embodiment is identical in arrangement to the second 
embodiment (FIG. 13) and the fifth embodiment (FIG. 22) in that it has a driver 
which is CTT-terminated and push-pull-connected that has an on resistance 
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equal to the characteristic impedance ZO of the transmission line. Therefore, 
these embodiments can also be realized by making the value of the terminating 
resistor variable. 

FIG. 25 is a circuit diagram of an arrangement of a seventh em- 
bodiment of a signal transmission system according to the present invention. 

FIG. 25 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 55 and 1 .2-V LSI 56. FIG. 25(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 55 to 1 .2-V LSI 56, and FIG. 25(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 56 to 1 .5-V LSI 
55. 

In FIG. 25, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 66a, 66b, 68a and 68b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which ar^ push-pull-connected. Bidirectional bus 57 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is CTT-terminated. 

In the signal transmission system according to the seventh em- 
bodiment, for sending a signal from 1 .5-V LSI 55, the value of resistor 66a and 
the value of resistor 66b forming a CTT termination on the signal reception side 
are set to 80 ? which is equal to 2Z0 of bidirectional bus 57. Since the value of 
the terminating resistor is the same as the value obtained when resistors 66a 
and 66b are connected parallel to each other, the terminating resistor and bidi- 
rectional bus 57 are impedance-matched. 
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The on resistance of nMOS transistor 65b of tlie driver is set to a 
value equal to or lower than the characteristic Impedance ZO of bidirectional 
bus 57, e.g., 20 ? , and the on resistance of pMOS transistor 65a of the driver is 
set to 32 ? . In this manner, VOH2 = 1 .10 V, V0L2 = 0.20 V, and the reference 
5 voltage Vref2 is 0.65 V. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.45 V, the signal amplitude value is suf- 
ficiently maintained. 

For sending a signal from 1 .2-V LSI 56, the on resistance of the 
pMOS transistor 68a and the on resistance of nMOS transistor 68b forming a 
10 CTT termination on the signal reception side are set to 80 ? , which is the same 
as 2Z0 of bidirectional bus 57. Since the value of the terminating resistor is the 
same as the value obtained when resistors 68a and 68b are connected parallel 
to each other, the terminating resistor and bidirectional bus 57 are impedance- 
matched. 

15 The on resistance of nMOS transistor 67b of the driver and the 

on resistance of pMOS transistor 67a of the driver thereof are set to a value 
equal to or lower than the characteristic impedance ZO of bidirectional bus 57, 
e.g., 20 ? . In this manner, VOH1 = 1 .05 V, VOL1 = 0.25 V, and the reference 
voltage Vref 1 is 0.65 V, which is In conformity with the reference voltage Vref2. 

20 In this case, since a signal amplitude value ? with respect to the reference volt- 
age Vref 1 is 0.40 V, the signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 

25 addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, the minimum 
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amplitude of the transmission signal can be slightly greater than with the ex- 
ample shown in FIG. 10. Furthermore, as the value of the reference voltage 
Vref does not deviate largely from the value of 1/2 of the power supply voltages 
VDDQ, a sufficient potential is applied between the drain and source of the 
pMOS transistor and the nMOS transistor of each driver, enabling efficient op- 
eration of the pMOS and the nMOS transistors. Moreover, since their in- 
put/output capacities can be reduced, they can be used in a circuit which is re- 
quired to operate at a high speed. 

FIG. 26 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the seventh embodiment 
shown in FIG. 25. 

FIG. 26(a) shows an equivalent circuit for sending a signal from 
LSI 55 having a power supply voltage VDDQ = VI system to LSI 56 having a 
power supply voltage VDDQ = V2 system, and FIG. 26(b) shows an equivalent 
circuit for sending a signal from V2 LSI 56 to VI LSI 55. In FIG. 26, VI > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the illustration, and the resistances of switches 
that are turned on, are included in the values of the resistors forming the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 57 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is CTT-terminated. 

For sending a signal from 1 .5-V LSI 55, the value of resistor 66a 
and the value of resistor 66b forming a OTT termination on the signal reception 
side are set to 2Z0. Since the value of the terminating resistor is the same as 
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the value obtained when resistors 66a and 66b are connected parallel to each 

other, the terminating resistor and bidirectional bus 57 are impedance- 

I 

matched. 

The on resistance of nMOS transistor 65b of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
57, e.g., R ? , and the on resistance of pMOS transistor 65a of the driver is set 
to R1 ? . At this time, R1 becomes: 

R1 =(V1 •Z0Z0-V2Z0Z0+0.5V2Z0R)/(V1 •R+0.5VZ0-V2R) 

Thus, 

VOH2 = (0.5V2R1+V1Z0)/(R1+Z0) 
VOL2 = 0.5V2R/(R+Z0) 
Vref2 = (V1R+Z0V2)/2(Z0+R) 

For sending a signal from 1 .2-V LSI 56, the value of resistor 68a 
and the value of resistor 68b forming a CTT termination on the signal reception 
side are set to 2Z0. Since the value of the terminating resistor is the same as 
the value obtained when resistors 68a and 68b are connected parallel to each 
other, the signal reception end and bidirectional bus 57 are impedance- 
matched. 

The on resistance of nMOS transistor 67b of the driver and the 
on resistance of pMOS transistor 67a of the driver thereof are set to a value 
equal to or lower than the characteristic impedance ZO of bidirectional bus 57, 
e.g., R ? . Thus, 

VOH1 = (0.5V1R+V2Z0)/(R+Z0) 

VOL1 = (V1R+Z0V2)/2(R+Z0) 

Vref 1 = (V1 •R+Z0V2)/2(Z0+R) 
The value of Vrefl is the same as the value of Vref2. 
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By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, the minimum 
amplitude of the transmission signal can be slightly greater than with the ex- 
ample shown in FIG. 12. Furthermore, as the value of the reference voltage 
Vref does not deviate largely from the value of 1/2 of the power supply voltages 
VDDQ, a sufficient potential is applied between the drain and source of the 
pMOS transistor and the nMOS transistor of each driver, enabling efficient op- 
eration of the pMOS and the nMOS transistors. Moreover, since their in- 
put/output capacities can be reduced, they can be used in a circuit which is re- 
quired to operate at a high speed. 

FIG. 25 shows an example wherein the value of the reference 
voltage Vref is unified into 0.65 V. However, it can be unified into 0.7 V, for ex- 
ample, by adjusting the on resistance of the driver. 

The seventh embodiment is identical in arrangement to the first 
embodiment (FIG. 10) in that It has a driver which is GTT-terminated and push- 
pull-connected that has an on resistance equal to the characteristic impedance 
of the transmission line. Therefore, these embodiments can also be realized 
by making the value of the on resistance of the driver variable. 

Each of the above embodiments represents an arrangement 
wherein the on resistance of the driver is in conformity with the characteristic 
impedance of the transmission line or an arrangement wherein the value of the 
terminating resistor is in conformity with the characteristic impedance of the 
transmission line. However, both the arrangements may be combined with 
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each other. Specifically, for sending a signal from the 1 .5-V LSI, the on resis- 
tance of the driver may be in conformity with the characteristic impedance of 
the transmission line, and for sending a signal from the 1 .2-V LSI. the value of 
the terminating resistor may be in conformity with the characteristic impedance 
of the transmission line, or vice versa. Furthemriore, the value of the reference 
voltage Vref may be the same in each LSI. 

FIG. 27 is a circuit diagram of an arrangement of an eighth em- 
bodiment of a signal transmission system according to the present invention. 

FIG. 27 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 70 and 1 .2-V LSI 71 . FIG. 27(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 70 to 1 .2-V LSI 71 . and FIG. 27(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 71 to 1 .5-V LSI 
70. 

In FIG. 27, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are Included in the values of resis- 
tors 74 and 76. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 72 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-terminated. 

0.6 V, which is 1/2 of the power supply voltage VDDQ (1 .2 V) of 
1 .2-V LSI 71 on the reception side, is supplied as VTT which is used for send- 
ing a signal from 1 .5-V LSI 70. 0.75 V, which is 1/2 of the power supply voltage 
VDDQ (1 .5 V) of 1 .5-V LSI 70 on the reception side, is supplied as VTT which 
is used for sending a signal from 1 .2-V LSI 71 . 
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in the signal transmission system according to the eighth em- 
bodiment, for sending a signal from 1 .5-V LSI 70, the value of resistor 74 form- 
ing a VTT temnination on the signal reception side is set to 40 ? which is the 
same as the characteristic impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of nMOS transistor 73b of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of pMOS transistor 73a of the driver is set 
to 25.45 ? . In this manner, VOH2 = 1 .1 5 V, VOL2 = 0.20 V, and the reference 
voltage Vref2 is 0.675 V. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.475 V, the signal amplitude value is 
sufficiently maintained. 

Alternatively, the on resistance of nMOS transistor 73b of the 
driver is set to a value equal to or lower than the characteristic impedance of 
bidirectional bus 72, e.g., 40 ? , and the on resistance of pMOS transistor 73a 
of the driver is also set to 40 ? . In this manner, VOH2 = 1 .05 V. VOL2 = 0.30 
V, and the reference voltage Vref2 is 0.675 V. In this case, since a signal am- 
plitude value ? with respect to the reference voltage Vref2 is 0.375 V, the signal 
amplitude value is sufficiently maintained. 

For sending a signal from 1 .2-V LSI 71 , the value of resistor 76 
forming a VTT termination on the signal reception side Is set to 40 ? , which is 
the same as the characteristic impedance of bidirectional bus 72. Therefore, 
the terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of pMOS transistor 75a of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of nMOS transistor 75b of the driver is set 
to 26.67 ? . In this manner, VOH1 = 1 .05 V, VOL1 = 0.30 V, and the reference 
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voltage Vref 1 is 0.675 V, which is in conformity with the value of the reference 
voltage Vref2. In this case, since a signal amplitude value ? with respect to the 
reference voltage Vref1 is 0.375 V, the signal amplitude value is sufficiently 
maintained. 

Alternatively, the on resistance of pMOS transistor 75a of the 
driver is set to a value equal to or lower than the characteristic impedance of 
bidirectional bus 72, e.g., 40 ? , and the on resistance of nMOS transistor 75b 
of the driver is set to 40 ? . In this manner, VOH1 = 0,975 V, V0L1 = 0.375 V, 
and the reference voltage Vref 1 is 0.675 V, which is in conformity with the 
value of the reference voltage Vre12. In this case, since a signal amplitude 
value ? with respect to the reference voltage Vref 1 Is 0.30 V, the signal ampli- 
tude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, furthermore, because 
the reference voltage Vref is set as Vref = 0.25 (VI + V2), the reference voltage 
Vref can easily be generated. Therefore, the cost of the system can be low- 
ered. Though two types of terminating voltages VTT are required in the pre- 
sent embodiment, no electric power is consumed at the terminating voltages 
VTT when the driver is in a high impedance state. Furthermore, as the value of 
the reference voltage Vref does not deviate largely from the value of 1/2 of the 
power supply voltages VDDQ, a sufficient potential is applied between the 
drain and source of the pMOS transistor and the nMOS transistor of each 
driver, enabling efficient operation of the pMOS and the nMOS transistors. 
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Moreover, since their Input/output capacities can be reduced, tliey can be used 
in a circuit which is required to operate at a high speed. 

FIG. 28 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the eighth embodiment 
5 shown in FIG. 27. 

FIG. 28(a) shows an equivalent circuit for sending a signal from 
LSI 70 having a power supply voltage VDDQ = V1 system to LSI 71 having a 
power supply voltage VDDQ = V2 system, and FIG. 28(b) shows an equivalent 
circuit for sending a signal from V2 LSI 71 to VI LSI 70. In FIG. 28, VI > V2. 
10 Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the illustration, and the resistances of switches 
that are turned on, are included in the values of the resistors forming the termi- 
nating resistor. 

15 The driver for sending a signal comprises a pMOS and an 

nMOS transistors which are push-pull-connected. Bidirectional bus 72 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is VTT-terminated. 

0.5V2, which is 1/2 of the power supply voltage VDDQ (V2) of 

20 V2 LSI 71 on the reception side, is supplied as VTT which is used for sending a 
signal from VI LSI 70. 0.5V1 , which is 1/2 of the power supply voltage VDDQ 
(VI) of VI LSI 70 on the reception side. Is supplied as VTT which is used for 
sending a signal from V2 LSI 71 . 

For sending a signal from VI LSI 70, the value of resistor 74 

25 forming a VTT termination on the signal reception side is set to ZO, which Is the 
same as the characteristic impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectional bus 72 are impedance-matched. 
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The on resistance of nMOS transistor 73b of the driver is set to a 
value equal to or lower than the characteristic impedance ZO of bidirectional 
bus 72, e.g., R ? , and the on resistance of pMOS transistor 73a of the driver is 
set to R1 ? so that Vref = 0.25 (VI + V2). At this time. R1 becomes: 

R1 =20(V2 Z0-V1 R-VI •Z0)/(V2 R-V1 ZO-VI R) 

The high level VOH2 and low level VOL2 of the transmission 
signal are given as: 

VOH2 = (V1-0.5V2)Z0/(R1+Z0)+0.5V2 

VOL2 = 0.5V2R/(Z0+R) 

Alternatively, the on resistance of nMOS transistor 73b of the 
driver is set to ZO which is the same as the characteristic impedance ZO of bidi- 
rectional bus 72, and the on resistance of pMOS transistor 73a of the driver is 
set to ZO so that Vref = 0.25 (VI + V2). At this time, the high level VOH2 and 
low level VOL2 of the transmission signal are given as: 

VOH2 = 0.5V1+0.25V2 

VOL2 = 0.25V2 

For sending a signal from V2 LSI 71 , the value of resistor 76 
forming a VTT termination on the signal reception side is set to ZO, which is the 
same as the characteristic impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectioneU bus 72 are impedance-matched. 

The on resisteuice of pMOS transistor 75a of the driver is set to a 
value equal to or lower them the characteristic Impedance ZO of bidirectloneU 
bus 72, e.g., R3 ? , and the on resistance of nl\/IOS transistor 75b of the driver 
is set to R2 ? so that Vref = 0.25 (VI + V2). At this time, R2 becomes: 

R2=Z0(V1 •Z0+V2R3-V2Z0)/(V1 •R3+V2ZD-V2R3) 

The high level VOH1 and low level V0L1 of the transmission 
signal are given as: 
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V0H1 = (V2-0.5V1)20/(R3+ZO)+0.5V1 
V0L1 = 0.5V1 •R2/(Z0+R2) 

Alternatively, the on resistance of pMOS transistor 75a of tlie 
driver is set to a value equal to or lower than the characteristic impedance ZO 
of bidirectional bus 72, and the on resistance of nMOS transistor 75b of the 
driver is set to ZO so that Vref = 0.25 (V1 + V2). At this time, the high level 
V0H1 and low level VOL1 of the transmission signal are given as: 

VOH1 =0.25V1+0.5V2 

V0L1 = 0.25V1 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic Impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Because the reference voltage Vref is set as Vref = 
0.25 (VI + V2), the reference voltage Vref can easily be generated. Therefore, 
the cost of the system can be lowered. Though two types of terminating volt- 
ages VTT are required in the present embodiment, no electric power is con- 
sumed at the terminating voltages VTT when the driver is in a high impedance 
state. Furthermore, as the value of the reference voltage Vref does not deviate 
largely from the value of 1/2 of the power supply voltages VDDQ, a sufficient 
potential is applied between the drain and source of the pMOS transistor and 
the nMOS transistor of each driver, enabling efficient operation of the pMOS 
and the nMOS transistors. Moreover, since their input/output capacities can be 
reduced, they can be used in a circuit which is required to operate at a high 
speed. 

FIG. 29 is a circuit diagram of an arrangement of a ninth em- 
bodiment of a signal transmission system according to the present invention. 
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FIG. 29 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 70 and 1 .2-V LSI 71 . FIG. 29(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 70 to 1 .2-V LSI 71 , and FIG. 29(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 71 to 1 .5-V LSI 
70. 

In FIG. 29, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included In the values of resis- 
tors 74 and 76. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 72 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-termlnated. Moreover, 0.6 V, which Is 1/2 of the 
power supply voltage VDDQ (1 .2 V) of 1 .2-V LSI 71 on the reception side, is 
supplied as VTT which is used for sending a signal from 1 .5-V LSI 70. 0.75 V, 
which is 1/2 of the power supply voltage VDDQ (1 .5 V) of 1 .5-V LSI 70 on the 
reception side, is supplied as VTT which Is used for sending a signal from 1 .2- 
V LSI 71. 

In the signal transmission system according to the ninth em- 
bodiment, for sending a signal from 1 .5-V LSI 70. the value of resistor 74 form- 
ing a VTT tenninatlon on the signal reception side Is set to 40 ? which Is the 
same as the characteristic Impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of nMOS transistor 73b of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of pMOS transistor 73a of the driver Is set 
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to 110 ? . In this manner, V0H2 = 0.95 V, V0L2 = 0.25 V, and the reference 
voltage Vref2 is 0.6 V. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 Is 0.35 V, the signal amplitude value is suf- 
ficiently maintained. 

For sending a signal from 1 .2-V LSI 71 , the value of resistor 76 
forming a VTT temnination on the signal reception side is set to 40 ? , which is 
the same as the characteristic impedance of bidirectional bus 72. Thierefore, 
the terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of pMOS transistor 75a of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of nMOS transistor 75b of the driver is 
also set to 20 ? . In this manner, VOH1 = 1 .00 V, VOL1 = 0.20 V, and the ref- 
erence voltage Vref 1 is 0.6 V, which is in conformity with the value of the refer- 
ence voltage Vre^. In this case, since a signal amplitude value ? with respect 
to the reference voltage Vrefl is 0.4 V, the signal amplitude value is sufficiently 
maintained. 

By thus setting the values of the temninating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal Integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, furthermore, because 
the reference voltage Vref is set as Vref = 0.5V2, the reference voltage Vref 
can easily be generated. Therefore, the cost of the system can be lowered. 
Though two types of terminating voltages VTT are required in the present em- 
bodiment, no electric power is consumed at the terminating voltages VTT when 
the driver is In a high impedance state. Furthermore, as the value of the refer- 
ence voltage Vref does not deviate largely from the value of 1/2 of the power 
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supply voltages VODQ, a sufficient potential is applied between the drain and 
source of the pMOS transistor and the nMOS transistor of each driver, enabling 
efficient operation of the pMOS and the nMOS transistors. Moreover, since 
their Input/output capacities can be reduced, they can be used in a circuit which 
is required to operate at a high speed. 

FIG. 30 Is a circuit diagram of an arrangement of a tenth em- 
bodiment of a signal transmission system according to the present invention. 

FIG. 30 shows a circuit example for transmitting a single-ended 
signal between 1.5-V LSI 70 and 1.2-V LSI 71. FIG. 30(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 70 to 1 .2-V LSI 71 , and FIG. 30(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 71 to 1 .5-V LSI 
70. 

In FIG. 30, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 74 and 76. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 72 which Is 
a transmission line has a characteristic Impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-terminated. Moreover, 1.5-V LSI 70 and 1.2-V LSI 
71 are supplied with 0.75 V. which Is 1/2 of the high VDDQ value (1 ,2 V), as 
the terminating voltage VTT. 

In the signal transmission system according to the tenth em- 
bodiment, for sending a signal from 1 .5-V LSI 70, the value of resistor 74 form- 
ing a VTT temilnation on the signal reception side Is set to 40 ? which Is the 
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same as the characteristic impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of nIVIOS transistor 73b of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of pMOS transistor 73a of the driver Is set 
to 60 ? . In this manner, VOH2 = 1 .05 V, VOL2 = 0.25 V, and the reference 
voltage Vref2 is 0.65 V. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.4 V, the signal amplitude value is suf- 
ficiently maintained. 

For sending a signal from 1 .2-V LSI 71 , the value of resistor 76 
forming a VTT termination on the signal reception side is set to 40 ? , which is 
the same as the characteristic impedance of bidirectional bus 72. Therefore, 
the terminating resistor and bidirectional bus 72 are impedance-matched. 

The on resistance of pMOS transistor 75a of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of nMOS transistor 75b of the driver is 
also set to 20 ? . In this manner, VOH1 = 1 .05 V, VOL1 = 0.25 V, and the ref- 
erence voltage Vref 1 Is 0.6 V, which is in conformity with the value of the refer- 
ence voltage Vref2. In this case, since a signal amplitude value ? with respect 
to the reference voltage Vref 1 is 0.4 V, the signal amplitude value is sufficiently 
maintained. 

in the present embodiment, the value of the reference voltage 
Vref can be set to 0.75 V by adjusting the values of the on resistances of the 
drivers to 73a = 73b = 75a = 20 ? , 75b = 60 ? . In this case, the present em- 
bodiment can be used as a system including another LSI for sending a signal 
to and receiving a signal from 1 .5-V LSI 70. 
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For example, in the signal treuismisslon system according to the 
second embodiment shown in FIG. 19, the LBI disposed in an intermediate po- 
sition Is supplied with the low VDDQ value. In the present Invention, the LSI 
disposed in an intermediate position can be supplied with the high VDDQ 
value. 

By thus setting the values of tiie terminating resistors and the on 
resistances of ttie drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ, one type of temninating 
voltage VTT, and one type of reference voltage Vref are suffident. In the pre- 
sent embodiment, furthermore, because the reference voltage Vref is set as 
Vref = 0.5V1 , the reference voltage Vref can easily be generated. Therefore, 
the cost of the system can be towered. No electric power is consumed at the 
terminating voltages VTT when the driver is In a high impedance state. Fur- 
thermore, as the value of the reference voltage Vref does not deviate largely 
from the value of 1/2 of the power supply voltages VDDQ, a sufficient potential 
is applied between the drain and source of tiie pMOS transistor and the nMOS 
transistor of each driver, enabling efficient operation of the pMOS and the 
nMOS tremsistors. Moreover, since their input/output capacities can be re- 
duced, they can be used In a circuit which is required to operate at a high 
speed. 

FIG. 31 Is a circuit diagram of an arrangement of an eleventh 
embodiment of a signal transmission system according to the present inven- 
tion. 

FIG. 31 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 70 and 1 .2-V LSI 71 . FIG. 31 (a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 70 to 1 .2-V LSI 71 , and FIG. 31 (b) 
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shows an equivalent circuit for sending a signal from 1 .2-V LSI 71 to 1.5-V LSI 
70. 

In FIG. 31 , switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 74 and 76. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 72 which Is 
a transmission line has a cheiracteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-terminated, Moreover, 0.6 V, which is 1/2 of the 
power supply voltage VDDQ (1 .2 V) of 1 .2-V LSI 71 on the reception side, is 
supplied as VTT which is used for sending a signal from 1 .5-V LSI 70. 0.75 V, 
which is 1/2 of the power supply voltage VDDQ (1 .5 V) of 1 .5-V LSI 70 on the 
reception side, is supplied as VTT which is used for sending a signal from 1 .2- 
V LSI 71. 

In the signal transmission system according to the eleventh em- 
bodiment, for sending a signal from 1 .5-V LSI 70, the value of resistor 74 form- 
ing a VTT termination on the signal reception side Is set to 40 ? which is the 
same as the characteristic impedance of bidirectional bus 72. Therefore, the 
terminating resistor and bidirectionaU bus 72 are impedance-matched. 

The on resistance of nMOS transistor 73b of the driver Is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
72, e.g., 20 ? , and the on resistance of pMOS transistor 73a of the driver is set 
to 32 ? . In this manner, VOH2 = 1 .1 0 V, VOL2 = 0.2 V. and the reference volt- 
age Vref2 Is 0.65 V. In this case, since a signal amplitude value ? with respect 
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to the reference voltage Vref2 is 0.45 V, the signal amplitude value is suffi- 
ciently maintained. 

For sending a signal from 1 .2-V LSI 71 , the value of resistor 76 
forming a VTT termination on the signal reception side is set to 40 ? , which is 
the same as the characteristic Impedance of bidirectional bus 72. Therefore, 
ttie terminating resistor and bidirectional bus 72 are Impedance-matched. 

The on resistance of pMOS transistor 75a of the driver and the 
on resistance of nMOS transistor 75b of the driver are set to a value equal to or 
lower than the characteristic Impedance of bidirectional bus 72, e.g., 20 ? . In 
this manner, VOH1 = 1.05 V, VOL1 = 0.25 V, and the reference voltage Vrefl 
is 0.65 V, which is in conformity with the value of the reference voltage Vref2. 
In this case, since a signal amplitude value ? with respect to the reference volt- 
age Vrefl Is 0.40 V, the signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. In the present embodiment, though the reference 
voltage generating circuit is of a somewhat complex arrangement, the minimum 
amplitude of the transmission signal can be slightly greater than with the eighth 
embodiment shown in FIG. 27. Furthermore, though two types of terminating 
voltages VTT are required in the present embodiment, no electric power is 
consumed at the tenninating voltages VTT when the driver is in a high Imped- 
ance state. Furthemnore, as the value of the reference voltage Vref does not 
deviate largely from the value of 1/2 of the power supply voltages VDDQ, a suf- 
ficient potential Is applied between the drain and source of the pMOS transistor 
and the nMOS transistor of each driver, enabling efficient operation of the 
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pMOS and the nMOS transistors. Moreover, since their input/output capacities 
can be reduced, they can be used in a circuit which is required to operate at a 
high speed. 

FIG. 32 is a circuit diagram of an an-angement of a twelfth em- 
bodiment of a signal transmission system according to the present Invention. 

FIG. 32 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 70 and 1 .2-V LSI 71 . FIG. 32(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 70 to 1 .2-V LSI 71 , and FIG. 32(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 71 to 1 .5-V LSI 
70. 

In FIG. 32, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 74 and 76. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 72 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-termlnated. Moreover, 0.6 V, which is 1/2 of the 
power supply voltage VDDQ (1 .2 V) of 1 .2-V LSI 71 on the reception side, is 
supplied as VTT which Is used for sending a signal from 1 .5-V LSI 70. 0.75 V, 
which is 1/2 of the power supply voltage VDDQ (1 .5 V) of 1 .5-V LSI 70 on the 
reception side, is supplied as VTT which is used for sending a signal from 1 .2- 
V LSI 71. 

In the signal transmission system according to the twelfth em- 
bodiment, for sending a signal from 1 .5-V LSI 70, the on resistance of pMOS 
transistor 73a of the driver and the on resistance of nMOS transistor 73b of the 
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driver are set to 40 ? which is the same as the characteristic impedance of 
bidirectional bus 72. Therefore, the on resistance of the driver and bidirectional 
bus 72 are impedance-matched. 

For example, the value of resistor 74 forming a VTT termination 
on the signal reception side Is set to 26.67 ? . in this manner, V0H2 = 0.96 V, 
VOL2 = 0.36 V, and the reference voltage Vref2 Is 0.66 V. In this case, since a 
signal amplitude value ? with respect to the reference voltage Vref2 is 0,33 V, 
the signal amplitude value is sufficiently maintained. 

For sending a signal from 1 .2-V LSI 71 , the on resistance of 
pMOS transistor 75a of the driver and the on resistance of nl\10S transistor 75b 
of the driver are set to 40 ? which is the same as the characteristic impedance 
of bidirectional bus 72. Therefore, the on resistance of the driver and bidirec- 
tional bus 72 are Impedance-matched. 

For example, the value of resistor 76 forming a VTT tennination 
on the signal reception side Is set to 60 ? . In this manner, VOH1 = 1 .02 V, 
VOL1 = 0.30 V, and the reference voltage Vref1 is 0.66 V, which is in confor- 
mity with the value of the reference voltage Vref2. In this case, since a signal 
amplitude value ? with respect to the reference voltage Vref 1 is 0.36 V, the 
signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal Integrity. In 
addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Though two types of terminating voltages VTT are 
required in the present embodiment, no electric power is consumed at the ter- 
minating voltages VTT when the driver is in a high impedance state. Further- 
more, as the value of the reference voltage Vref does not deviate largely from 
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the value of 1/2 of the power supply voltages VDDQ, a sufficient potential Is 
applied between the drain and source of the pMOS transistor and the nMOS 
transistor of each driver, enabling efficient operation of the pMOS and the 
nMOS transistors. Moreover, since their Input/output capacities can be re- 
duced, they can be used In a circuit which Is required to operate at a high 
speed. 

FIG. 33 is a circuit diagram of an an-angement of a thirteenth 
embodiment of a signal transmission system according to the present Inven- 
tion. 

FIG. 33 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 80 and 1 .2-V LSI 81 . FIG. 33(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 80 to 1 .2-V LSI 81 , and FIG. 33(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 81 to 1 .5-V LSI 
80. 

In FIG. 33, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included In the values of resis- 
tors 84 and 86. 

The driver for sending a signal is an open drain circuit compris- 
ing an nMOS transistor (open drain configuration). Bidirectional bus 82 which 
Is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal Is VTT-tenninated. Moreover, 1 .2 V, which is the 
power supply voltage VDDQ of 1.2-V LSI 81 on the reception side, is supplied 
as VTT which is used for sending a signal from 1 .5-V LSI 80. 1 .5 V, which is 
the power supply voltage VDDQ of 1 .5-V LSI 80 on the reception side, is sup- 
plied as VTT which is used for sending a signal from 1 .2-V LSI 81 . 
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In the signal transmission system according to the thirteenth 
embodiment, for sending a signal from 1 .5-V LSI 80, the value of resistor 84 
forming a VTT termination on the signal reception side is set to 40 ? which Is 
the same as the characteristic impedance of bidirectional bus 82. Therefore, 
the temninating resistor and bidirectional bus 82 are impedance-matched. 

The on resistance of nMOS transistor 83 of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
82, e.g., 20 ? . In this manner, VOH2 = 1 .2 V, VOL2 = 0.40 V, and the refer- 
ence voltage Vref2 is 0.80 V. In this case, since a signal amplitude value ? 
with respect to the reference voltage Vref2 is 0.40 V, the signal amplitude value 
Is sufficiently sufficiently. 

For sending a signal from 1 .2-V LSI 81 , the value of resistor 86 
forming a VTT temiination on the signal reception side is set to 40 ? , which is 
the same as the characteristic impedance of bidirectional bus 82. Therefore, 
the terminating resistor and bidirectional bus 82 are impedance-matched. 

For example, the on resistance of nMOS transistor 85 of the 
driver is set to 2.86 ? . In this manner, VOH1 = 1 .50 V, VOL1 = 0.10 V, and the 
reference voltage Vrefl Is 0.80 V, which is In confonnity with the value of the 
reference voltage Vref2. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vrefl is 0.70 V, the signal amplitude value is suf- 
ficiently maintained. 

If the path of retum cun-ent of a signal flowing on bidirectional 
bus 82 is a ground plane which is common to 1 .5-V LSI 80 and 1 .2-V LSI 81 , 
then a printed board can easily be designed, if the power supply voltage 
VDDQ is used as the path of return current, then since the 1.5-V power supply 
and the 1 .2-V power supply need to be used as the path of retum cun-ent, prob- 
lems arise which make the layout of Interconnections difficult and Increase the 
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number of layers of the printed board. Therefore, It is preferable that the path 
of return current of a signal flowing on bidirectional bus 82 be a ground plane. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the open drain driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic Impedance ZO of the transmission line, the 
signal can be transmitted with good signal integrity. In the present embodi- 
ment, two types of power supply voltages VDDQ and one type of reference 
voltages Vref are sufficient. In addition, since the reference voltage Vref Is 0.8 
V = (2/3)V2, the reference voltage Vref can easily be generated. Thus, the cost 
of the system is lowered. Furthermore, no electric power is consumed at the 
terminating voltages VTT when the driver is in a high impedance state. Fur- 
thermore, since a sufficient potential is applied between the drain and source of 
the nMOS transistor of each driver, the nMOS transistor operates efficiently. 
Moreover, since its input/output capacity can be reduced, It can be used in a 
circuit which is required to operate at a high speed. As the value of the refer- 
ence voltage Vref is large, the receiver can be designed with ease. 

FIG. 34 Is a circuit diagram of an arrangement of a fourteenth 
embodiment of a signal transmission system according to the present inven- 
tion. 

FIG. 34 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 80 and 1 .2-V LSI 81 . FIG. 34(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 80 to 1 .2-V LSI 81 , and FIG. 34(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 81 to 1 .5-V LSI 
80. 

In FIG. 34, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
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contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are Included in the values of resis- 
tors 84 and 86. 

The driver for sending a signal is an open drain circuit compris- 
ing an nMOS transistor. Bidirectional bus 82 which is a transmission line has a 
characteristic impedance ZO of 40 ? , and the receiver for receiving a signal is 
VTT-terminated. Moreover, 1 .2 V, which is the same as the power supply volt- 
age VDDQ of 1 .2-V LSI 81 on the reception side, is supplied as VTT which is 
used for sending a signal from 1 .5-V LSI 80. 1 .5 V, which is the same as the 
power supply voltage VDDQ of 1.5-V LSI 80 on the reception side, is supplied 
as VTT which is used for sending a signal from 1 .2-V LSI 81 . 

In the signal transmission system according to the fourteenth 
embodiment, for sending a signal from 1 .5-V LSI 80, the value of resistor 84 
forming a VTT tennination on the signal reception side is set to 40 ? which is 
the same as the characteristic impedance of bidirectional bus 82. Therefore, 
the terminating resistor and bidirectional bus 82 are impedance-matched. 

The on resistance of nIVIOS transistor 83 of the driver is set to a 
value equal to or lower than the characteristic impedance of bidirectional bus 
82, e.g.. 40 ? . In this manner, VOH2 = 1 .2 V, VOL2 = 0.60 V, and the refer- 
ence voltage Vref2 is 0.90 V. In this case, since a signal amplitude value ? 
with respect to the reference voltage Vref2 is 0.30 V, the signal amplitude value 
is sufficiently maintained. The value of an Input level (0.25 V) with respect to 
the reference voltage Vref, which is provided for by SSTL-1.8, for example, 
may be used as a guide indicative of ?. 

For sending a signal from 1 .2-V LSI 81 , the value of resistor 86 
forming a VTT termination on the signal reception side is set to 40 ? , which is 
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the same as the characteristic impedance of bidirectional bus 82. Therefore, 
the terminating resistor and bidirectionai bus 82 are impedance-matched. 

The on resistance of nMOS transistor 85 of the driver is set to a 
value equal to or lower than the characteristic impedance ZO of bidirectional 
bus 82. e.g., 40 ? . In this manner, VOH1 = 1 .50 V, VOL1 = 0.75 V, and the 
reference voltage Vref1 is 1.125 V. In this case, since a signal amplitude value 
? with respect to the reference voltage Vref 1 is 0.375 V, the signal amplitude 
value is sufficiently maintained. 

In the present embodiment, the reference voltage Vrefl and the 
reference voltage Vref2 are not in confomriity with each other. However, since 
there are two types of power supply voltages VDDQ and two types of reference 
voltages Vref, the types of power supplies may be relatively few. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the open drain driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic impedance ZO of the transmission line, the 
signal can be transmitted with good signal integrity. Two types of power supply 
voltages VDDQ and two types of reference voltages Vref are sufficient. In ad- 
dition, since the reference voltage Vref2 is 0.6V1 (0.9 V) or (3/4)V2, the refer- 
ence voltage Vref2 can easily be generated. 

The reference voltage Vrefl is 1 .125 V. If the reference voltage 
Vrefl is to be generated with ease, then the on resistance of nMOS transistor 
85 of the driver may be set to 20 ? . In this case, as VOH1 = 1 .5 V, V0L1 = 0.5 
V, and the reference voltage Vrefl is (2/3) VI , it is easy to generate the refer- 
ence voltage Vrefl . If the reference voltage Vrefl and the reference voltage 
Vref2 are to be in conformity with each other, then the on resistance of nMOS 
transistor 85 of the driver may be set to 1 0 ? . In this case, as VOH1 = 1 .5 V, 
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VOL1 = 0.3 V. and the reference voltage Vrefl is 0.9V. Since this value is 
0.6V1 or (3/4)V2, it can easily be generated. Thus, the cost of the system is 
lowered. Furthermore, no electric power is consumed at the terminating volt- 
ages VTT when the driver is in a high impedance state. Furthermore, since a 
sufficient potential is applied between the drain and source of the nMOS tran- 
sistor of each driver, the nMOS transistor operates efficiently. Moreover, since 
its input^output capacity can be reduced, it can be used In a circuit which is re- 
quired to operate at a high speed. As the value of the reference voltage Vref is 
large, the receiver can be designed with ease. 

FIG. 35 is a circuit diagram of an arrangement of a fifteenth em- 
bodiment of a signal transmission system according to the present invention. 

FIG. 35 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 90 and 1 .2-V LSI 91 . FIG. 35(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 90 to 1 .2-V LSI 91 , and FIG. 35(b) 
shows an equivalent circuit for sending a signal from 1 .2-V LSI 91 to 1 .5-V LSI 
90. 

In FIG. 35, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 94 and 96. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 92 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 
for receiving a signal is VTT-terminated. Moreover, 1 .2 V, which is the same 
as the power supply voltage VDDQ of 1 .2-V LSI 91 on the reception side, is 
supplied as VTT which Is used for sending a signal from 1 .5-V LSI 90. 1 .5 V, 
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which is the same as the power supply voltage VDDQ of 1 .5-V LSI 90 on the 
reception side, Is supplied as VTT which Is used for sending a signal from 1 .2- 
VLSI 91. 

In the signal transmission system according to the fifteenth em- 
bodiment, for sending a signal from 1.5-V LSI 90. the on resistance of the 
pl\^OS transistor 93a of the driver and the on resistance of nMOS transistor 93b 
of the driver thereof are set to 40 ? , which is the same as the characteristic 
impedance of bidirectional bus 92. Consequently, the on resistance of the 
driver and bidirectioneil bus 92 are impedance-matched. 

The value of resistor 94 forming a VTT termination on the signal 
reception side is set to a value equal to or higher than the characteristic imped- 
ance of bidirectional bus 92, e.g., 2Z0 = 80 ? . In this manner, VOH2 = 1 .40 V, 
VOL2 = 0.40 V, and the reference voltage Vref2 is 0.9 V. In this case, since a 
signal amplitude value ? with respect to the reference voltage Vref2 is 0.50 V, 
the signal amplitude value is sufficiently maintained. 

While the value of resistor 94 may be set to 60 ? or the like, the 
value of resistor 94 should preferably be set to 2Z0 (80 ? ) in order to facilitate 
the generation of the reference voltage Vref2. At this time, the reference volt- 
age Vref2 is obtained as (VI + V2)/3. 

For sending a signal from 1 .2-V LSI 91 , the on resistance of the 
pMOS transistor 95a of the driver and the on resistance of nMOS transistor 95b 
of the driver thereof are set to 40 ? , which is the same as the characteristic im- 
pedance of bidirectional bus 92. Therefore, the on resistance of the driver and 
bidirectional bus 92 are impedance-matched. 

The value of resistor 96 fomnlng a VTT terminal on the signal re- 
ception side Is set to a value equal to or higher than the characteristic Imped- 
ance of bidirectional bus 92, e.g., 2Z0 = 80 ? . In this manner. VOH1 = 1 .30 V. 
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V0L1 = 0.50 V, and the reference voltage Vref 1 is 0.9 V, which is in conformity 
with the value of the reference voltage Vref2. In this case, since a signal ampli- 
tude value ? with respect to the reference voltage Vref 1 is 0.40 V, the signal 
amplitude value is sufficiently maintained. 

While the value of resistor 96 may be set to 69.1 ? or the like, 
the value of resistor 96 should preferably be set to 2Z0 (80 ? ) in order to facili- 
tate the generation of the reference voltage Vref 1 . At this time, the reference 
voltage Vref1 is obtained according to (VI + V2)/3. 

in the present embodiment, the path of return current of a signal 
flowing on bidirectional bus 92 is a ground plane which Is common to 1.5-V LSI 
90 and 1 .2-V LSI 91 . This allows a printed board to be easily designed. If the 
power supply voltage VDDQ is used as the path of return current, then since 
the 1 .5-V power supply and the 1 .2-V power supply need to be used as the 
path of retum cun-ent, problems arise which mal<e the layout of interconnec- 
tions difficult and increase the number of layers of the printed board. There- 
fore, it is preferable that the path of return current of a signal flowing on bidirec- 
tional bus 92 be a ground plane. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the push-pull driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic impedance ZO of the transmission line, the 
signal can be transmitted with good signal integrity. Two types of power supply 
voltages VDDQ and one type of reference voltage Vref are sufficient. In addi- 
tion, since the reference voltage Vref is set to (VI + V2)/3 in the present em- 
bodiment, the reference voltage Vref can easily be generated. Thus, the cost 
of the system Is lowered. Furthermore, no electric power Is consumed at the 
terminating voltages VTT when the driver is in a high impedance state. In the 
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present embodiment, while the value of the reference voltage Vref deviates 
slightly from the value of 1/2 of the power supply voltages VDDQ. It does not 
pose a significant problem. 

FIG. 36 is a circuit diagram of an arrangement of a sixteenth 
5 embodiment of a signal transmission system according to the present inven- 
tion. 

FIG. 36 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LSI 90 and 1 .2-V LSI 91 . FIG. 36(a) shows an equivalent 
circuit for sending a signal from 1 .5-V LSI 90 to 1 .2-V LSI 91 , and FIG. 36(b) 
10 shows an equivalent circuit for sending a signal from 1 .2-V LSI 91 to 1 .5-V LSI 
90. 

In FIG. 36, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 

15 resistances of switches that are turned on, are included In the values of resis- 
tors 94 and 96. 

Hie driver for sending a signal comprises a pIVIOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 92 which is 
a transmission line has a characteristic impedance ZO of 40 ? , and the receiver 

20 for receiving a signal is VTT-terminated. l\^oreover, 1 .2 V, which is the same 
as the power supply voltage VDDQ supplied to 1 .2-V LSI 91 on the reception 
side, is supplied as VTT which is used for sending a signal from 1 .5-V LSI 90. 
1 .5 V, which is the same as the power supply voltage VDDQ supplied to 1 .5-V 
LSI 90 on the reception side, is supplied as VTT which is used for sending a 

25 signal from 1 .2-V LSI 91 . 

In the signal transmission s^tem according to the sixteenth em- 
bodiment, for sending a signsd from 1 .5-V LSI 90, the value of resistor 94 form- 
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ing a VTT termination on tlie signal reception side is set to 40 ? which is the 
same as the characteristic impedance of bidirectional bus 92. Consequently, 
the terminating resistor and bidirectional bus 92 are impedance-matched. 

The on resistance of the pMOS transistor 93a of the driver and 
the on resistance of nMOS transistor 93b of the driver thereof are set to 20 ? , 
which is 1/2 of the characteristic impedance 20 of bidirectional bus 92. In this 
manner, VOH2 = 1 .40 V, VOL2 = 0.40 V, and the reference voltage Vref2 is 0.9 
V. In this case, since a signal amplitude value ? with respect to the reference 
voltage Vref2 is 0.50 V, the signal amplitude value is sufficiently maintained. At 
this time, the reference voltage Vref2 is obtained as (VI + V2)/3. 

For sending a signal from 1 .2-V LSI 91 , the value of resistor 96 
forming a VTT termination on the signal reception side is set to 40 ? which is 
the same as the characteristic impedance of bidirectional bus 92. Conse- 
quently, the terminating resistor and bidirectional bus 92 are impedance- 
matched. 

The on resistance of the pMOS transistor 95a of the driver and 
the on resistance of nMOS transistor 95b of the driver thereof are set to 20 ? . 
which is 1/2 of the characteristic impedance ZO of bidirectional bus 92. In this 
manner. VOH1 = 1 .30 V. VOL1 = 0.50 V, and the reference voltage Vrefl Is 0.9 
V, which is in conformity with the reference voltage Vref2. In this case, since a 
signal amplitude value ? with respect to the reference voltage Vrefl is 0.40 V. 
the signal amplitude value is sufficiently maintained. At this time, the reference 
voltage Vrefl is obtained as (VI + V2)/3. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the push-pull driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic impedance ZO of the transmission line, the 
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signal can be transmitted with good signal integrity. Two types of power supply 
voltages VDDQ and one type of reference voltage Vref are sufficient. In addi- 
tion, since the reference voltage Vref is set to (VI + V2)/3 in the present em- 
bodiment, the reference voltage Vref can easily be generated. Thus, the cost 
of the system is lowered. Furthermore, no electric power is consumed at the 
terminating voltages VTT when the driver is in a high impedance state. In the 
present embodiment, while the value of the reference voltage Vref deviates 
slightly from the value of 1/2 of the power supply voltages VDDQ, it does not 
pose a significant problem. 

FIG. 37 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission system according to the sixteenth embodiment 
shown In FIG. 36. 

FIG. 37(a) shows an equivalent circuit for sending a signal from 
LSI 90 having a power supply voltage VDDQ = VI system to LSI 91 having a 
power supply voltage VDDQ = V2 system, and FIG. 37(b) shows an equivalent 
circuit for sending a signal from V2 LSI 91 to VI LSI 90. 

In FIG. 37, VI > V2. Switches that are turned off, receivers, and 
drivers that are set to a high impedance state on the signal reception side that 
do not contribute to the values of potentials, are omitted from the illustration, 
and the resistances of switches that are tumed on, are included in the values of 
the resistors forming the tenninating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 92 which is 
a transmission line has a characteristic impedance ZO, and the receiver for re- 
ceiving a signal is VTT-terminated. V2, which is the same as the power supply 
voltage VDDQ supplied to LSI 91 on the reception side, is supplied as VTT 
which is used for sending a signal from VI LSI 90. VI , which is the same as 
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the power supply voltage VDDQ of LSI 90 on the reception side, Is supplied as 
VTT which is used for sending a signal from V2 l-SI 91 . 

For sending a signal from V1 LSI 90, the value of resistor 94 
forming a VTT tennination on the signal reception side is set to ZO which is the 
same as the characteristic impedance of bidirectional bus 92. Consequently, 
the terminating resistor and bidirectional bus 92 are impedance-matched. 

The on resistance of the pMOS transistor 93a of the driver and 
the on resistance of nMOS transistor 93b of the driver thereof are set to 1/2 of 
the characteristic impedance ZO of bidirectional bus 92. Thus, 

VOH2 = (2V1+V2)/3 

VOL2 = V2/3 

Vref2 = (V1+V2)/3 

For sending a signal from V2 LSI 91 , the value of resistor 96 
forming a VTT termination on the signal reception side Is set to ZO which is the 
same as the characteristic impedance of bidirectional bus 92. Consequently, 
the terminating resistor and bidirectional bus 92 are impedance-matched. 

The on resistance of the pMOS transistor 95a of the driver and 
the on resistance of nMOS transistor 95b of the driver thereof are set to 1/2 of 
the characteristic impedance ZO of bidirectional bus 92. Thus, 

VOH1 = (V1+2V2)/3 

VOL1 = VI /3 

Vrefl = (V1+V2)/3 
Vrel is in conformity with Vref2. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the push-pull driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic Impedance ZO of the transmission line, the 
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signal can be trEuismitted with good signal integrity. Two types of power supply 
voltages VDDQ and one type of reference voltage Vref are sufficient. In addi- 
tion, since the reference voltage Vref is set to (V1 + V2)/3 in the present em- 
bodiment, the reference voltage Vref can easily be generated. Thus, the cost 
of the system is lowered. Furthermore, no electric power is consumed at the 
terminating voltages VTT when the driver is in a high impedance state. In the 
present embodiment, while the value of the reference voltage Vref deviates 
slightly from the value of 1/2 of the power supply voltages VDDQ, it does not 
pose a significant problem. 

FIG. 38 is a circuit diagram of an arrangement of reference volt- 
age generating circuits for use in the signal transmission system shown in FIG. 
37. 

FIG. 38 shows circuits for generating Vref = (V1 + V2)/3 as the 
reference voltage Vref. FIG. 38A shows an example for generating the refer- 
ence voltage Vref using two resistors having a value R and two resistors having 
a value 2R, and FIG. 38B shows an example for generating the reference volt- 
age Vref using four resistors having a value R and two resistors having a value 
2R. Each of the resistors R can be selected depending on the varying ten- 
dency of Its value. These simple arreuigements make it possible to generate 
the reference voltage Vref. 

FIG. 39 is a block diagram of an an-angement of a third working 
example of a signal transmission system according to the present invention. 

As shown in FIG. 39, the signal transmission system according 
to the third working example is of an arrangement wherein 1.5-V semiconduc- 
tor integrated circuit device (LSI) 100 and 1.2-V semiconductor integrated cir- 
cuit device (LSI) 101 are directly interconnected by bidirectional bus 104 which 
is a transmission line, and 1 .2-V semiconductor integrated circuit device (LSI) 
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101 and 1.2-V semiconductor integrated circuit device (LSI) 102 are directly in- 
terconnected by bidirectional bus 105 which is a transmission line. For exam- 
ple, 1.5-V LS1 100 and 1 .2-V LS1 101 are Installed on DIMM 103. 

Each of LS1 100, LS1 101 and LS1 102 has a driver, a receiver, a 
terminating resistor, and a switch for tuming on and off the temninating resistor, 
not shown. 

In the signal transmission system according to this working ex- 
ample, reference voltages VrefA supplied to the respective LSIs have the same 
value, which is set to 0.6V1 or the like to make it easy to generate the refer- 
ence voltage VrefA. Since the entire system has two types of power supply 
voltages VDQ and one type of reference voltage VrefA, the cost of the system 
is lowered. In the present working example, though two types of power supply 
voltages VDDQ are supplied to DIMM 103, the electric power of the DIMM and 
the electric power of the system are reduced. The LSIs may be installed on a 
common PCB. 

FIG. 40 is a circuit diagram of an arrangement of a seventeenth 
embodiment of a signal transmission system according to the present inven- 
tion. FIG. 40 shows a specific example of the signal transmission system ac- 
cording to the third working example, for sending and receiving a single-ended 
signal, wherein the reference voltage VrefA of the signal transmission system 
shown in FIG. 39 is set to 0.9 V. FIG. 40 shows a circuit example for transmit- 
ting a signal between 1 .5-V LS1 1 00 and 1 .2-V LS1 1 01 . FIG. 40(a) shows an 
equivalent circuit for sending a signal from 1 .5-V LS1 100 to 1 .2-V LS1 101 , and 
FIG. 40(b) shows an equivalent circuit for sending a signal from 1 .2-V LS1 101 
to 1. 5-V LS1 100. 

in FIG. 40, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
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contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 107 and 109. 

The driver for sending a signal is an open drain circuit compris- 
5 ing an nMOS transistor. Bidirectional bus 1 04 which is a transmission line has 
a characteristic impedance ZO of 40 ? , and the receiver for receiving a signal is 
VTT-terminated. Moreover, 1 .2 V, which is the same as the power supply volt- 
age VDDQ of 1 .2-V LS1 101 on the reception side, is supplied as VTT which is 
used for sending a signal from 1 .5-V LS1 1 00. 1 .5 V, which is the same as the 

10 power supply voltage VDDQ of 1 .5-V LS1 1 00 on the reception side, is supplied 
as VTT which Is used for sending a signal from 1 .2-V LS1 101 . 

In the signal transmission system according to the seventeenth 
embodiment, for sending a signal from 1 .5-V LS1 100, the value of resistor 107 
forming a VTT tennination on the signal reception side is set to 40 ? , which is 

15 the same as the characteristic impedance of bidirectional bus 1 04. Therefore, 
the terminating resistor and bidirectional bus 104 are impedance-matched. 

The on resistance of nMOS transistor 106 of the driver Is set to 
40 ? which is the same as the characteristic impedance of bidirectional bus 
1 04. In this manner, VOH2 = 1 .20 V, VOL2 = 0.60 V, and the reference volt- 

20 age Vref2 is 0.90 V. In this case, since a signal amplitude value ? with respect 
to the reference voltage Vref2 is 0.30 V, the signal amplitude value is suffi- 
ciently maintained. The reference voltage Vref2 is obtained as 3/4 (V2). 

For sending a signal from 1 .2-V LS1 1 01 , the value of resistor 
1 09 forming a VTT termination on the signal reception side is set to 40 ? , 

2 5 which is the same as the characteristic impedance of bidirectional bus 1 04. 
Therefore, the terminating resistor and bidirectional bus 104 are impedance- 
matched. 



For example, the on resistance of nMOS transistor 108 of tlie 
driver is set to 10 ? . In this manner, V0H1 = 1 .50 V. VOL1 = 0.30 V, and the 
reference voltage Vrefl is 0.90 V, which is in confomnity with the reference 
voltage Vref2. In this case, since a signal amplitude value ? with respect to the 
reference voltage Vrefl is 0.60 V, the signal amplitude value is sufficiently 
maintained. 

The path of return current of a signal flowing on bidirectional bus 
1 04 is a ground plane which is common to 1 .5-V LS1 1 00 and 1 .2-V LS1 1 01 . 
This makes it easy to design a printed board. If the power supply voltage 
VDDQ is used as the path of return current, then since the 1 .5-V power supply 
and the 1 .2-V power supply need to be used as the path of return current, prob- 
lems arise which make the layout of interconnections difficult and increase the 
number of layers of the printed board. Therefore, it is preferable that the path 
of return current of a signal flowing on bidirectional bus 104 be a ground plane. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the open drain driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic impedance ZO of the transmission line, the 
signal can be transmitted with good signal integrity. Two types of power supply 
voltages VDDQ and one type of reference voltage Vref are sufficient. In addi- 
tion, since the reference voltage Vref is 0.75V2 (=0.9 V), the reference voltage 
Vref can easily be generated. Thus, the cost of the system is lowered. 

Furthermore, since the value of the reference voltage Vref is set 
to a value higher than 1/2 of the power supply voltage VDDQ, a sufficient po- 
tential is applied between the drain and source of the nMOS transistor of each 
driver, the nMOS transistor operates efficiently. Moreover, since its in- 
put/output capacity can be reduced, it can be used in a circuit which is required 
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to operate at a high speed. As the value of the reference voltage Vref Is large, 
the receiver can be designed with ease. 

FIG. 41 is a circuit diagram of an arrangement of an eighteenth 
embodiment of a signal transmission system according to the present inven- 
5 tion. FIG. 41 shows a specific example of the signal transmission system ac- 
cording to the third working example, for sending and receiving a single-ended 
signal, wherein the reference voltage Vref A of the signal transmission system 
shown In FIG, 39 is set to 0.9 V. FIG. 41 shows a circuit example for transmit- 
ting a signal between 1 .2-V LS1 101 and 1 .2-V LS1 102. FIG. 41 (a) shows an 

10 equivalent circuit for sending a signal from 1 .2-V LS1 101 to 1 -2-V LS1 102, and 
FIG. 41 (b) shows an equivalent circuit for sending a signal from 1 .2-V LSI 102 
to 1. 2-V LS1 101. 

In FIG. 41 , switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 

15 contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 111 and 113. 

The driver for sending a signal is an open drain circuit compris- 
ing an nMOS transistor. Bidirectional bus 105 which is a transmission line has 

20 a characteristic impedance ZO of 40 ? , and the receiver for receiving a signal is 
VTT-terminated. The terminating voltage VTT is 1 .2 V for both. 

In the signal transmission system according to the eighteenth 
embodiment, for sending a signal from 1 .2-V LS1 101 , the'value of resistor 111 
forming a VTT termination on the signal reception side is set to 40 ? , which is 

25 the same as the characteristic Impedance of bidirectional bus 105. Therefore, 
the terminating resistor and bidirectional bus 105 are impedance-matched. 
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The on resistance of nMOS transistor 1 10 of tlie driver is set to 
40 ? whicii is the same as the characteristic impedance of bidirectional bus 
105. In this manner, V0H2 = 1 .20 V. VOI-2 = 0.60 V, and the reference volt- 
age Vref2 is 0.90 V. In this case, since a signal amplitude value ? with respect 
to the reference voltage Vref2 is 0.30 V, the signal amplitude value is suffi- 
ciently maintained. The reference voltage Vref2 is obtained as 3V2/4. 

For sending a signal from 1 .2-V LS1 102, the value of resistor 
113 forming a VTT termination on the signal reception side is set to 40 ? , 
which is the same as the characteristic impedance of bidirectional bus 105. 
Therefore, the terminating resistor and bidirectional bus 105 are impedance- 
matched. 

The on resistance of nMOS transistor 1 12 of the driver is set to 
40 ? , which is the same as the characteristic impedance of bidirectional bus 
105. In this manner, VOH1 = 1 .20 V, VOL1 = 0.60 V, and the reference volt- 
age Vrefl is 0.90 V, which is in conformity with the reference voltage Vref2. In 
this case, since a signal amplitude value ? with respect to the reference voltage 
Vrefl is 0.30 V, the signal amplitude value is sufficiently maintained. The ref- 
erence voltage Vref2 is obtained as 3V2/4. 

By thus providing the VTT termination connected to the power 
supply voltage VDDQ and the open drain driver, and setting the values of the 
terminating resistors and the on resistances of the drivers as described above 
with respect to the characteristic impedance ZO of the transmission line, the 
signal can be transmitted with good signal integrity. The circuit arrangements 
shown in FIGS. 40 and 41 make it possible to realize the signal transmission 
system shown In FIG. 39 which has one type of reference voltage VrefA (= 0.9 
V). 
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FIG. 42 is a circuit diagram of an arrangement of a nineteenth 
embodiment of a signai transmission system according to the present inven- 
tion. FIG. 42 shows a specific example of the signal transmission system ac- 
cording to the third working example, for sending and receiving a single-ended 
signal, wherein the reference voltage VrefA of the signal transmission system 
shown in FIG. 39 is set to 0.6 V. FIG. 42 shows a circuit example for transmit- 
ting a signal between 1 .5-V LS1 100 and 1 .2-V LS1 1 01 . FIG. 42(a) shows an 
equivalent circuit for sending a signal from 1 .5-V LS1 1 00 to 1 .2-V LS1 1 01 , and 
FIG. 42(b) shows an equivalent circuit for sending a signal from 1.2-V LS1 101 
to 1. 5-V LS1 100. 

In FIG. 42, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 115a. 115b, 117a and 117b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 104 which 
is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. 

In the signal transmission system according to the nineteenth 
embodiment, for sending a signal from 1 .5-V LS1 100, the values of resistors 
1 15a and 1 15b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the tenninating resistor is the same as the value 
obtained when resistors 1 15a and 1 15b are connected parallel to each other, 
and Is 40 ? . Therefore, the terminating resistor end and bidirectional bus 104 
are impedance-matched. 
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The on resistance of pMOS transistor 1 14a of the driver is set to 
a value equal to or lower than the characteristic impedance of bidirectional bus 
104, e.g., 40 ? , and the on resistance of nMOS transistor 1 14b of the driver Is 
set to 13.33 ? . In this manner, V0H2 = 1 .05 V, VOL2 = 0.15 V, and the refer- 
ence voltage Vref2 is 0.60 V. In this case, since a signal amplitude value ? 
with respect to the reference voltage Vref2 is 0.45 V, the signal amplitude value 
is sufficiently maintained. 

For sending a signal from 1 .2-V LS1 1 01 , the values of resistors 
1 17a and 1 17b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 1 17a and 1 17b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 104 
are impedance-matched. 

The on resistance of pMOS transistor 1 16a of the driver is set to 
a value equal to or lower than the characteristic impedance of bidirectional bus 
104, e.g., 40 ? , and the on resistance of nMOS transistor 1 14b of the driver is 
set to 17.14 ? . In this manner, VOH1 = 0.975 V, VOL1 = 0.225 V, and the ref- 
erence voltage Vref 1 Is 0.60 V, which is in conformity with the value of refer- 
ence voltage Vref2. In this case, since a signal amplitude value ? with respect 
to the reference voltage Vref 1 is 0.375 V, the signal amplitude value is suffi- 
ciently maintained. 

The path of return current of a signal flowing on bidirectional bus 
1 04 is a ground plane which is common to 1 .5-V LS1 1 00 and 1 .2-V LSI1 01 , as 
with the other embodiments. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. In 
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addition, two types of power supply voltages VDDQ and one type of reference 
voltage Vref are sufficient. Furthermore, because the reference voltage Vref is 
set to 0.5V2, the reference voltage Vref can easily be generated. Therefore, 
the cost of the system can be lowered. As the value of the reference voltage 
5 Vref does not deviate largely from the value of 1/2 of the power supply voltages 
VDDQ, a sufficient potential is applied between the drain and source of the 
pMOS transistor and the nMOS transistor of each driver, enabling efficient op- 
eration of the pMOS and the nMOS transistors. Moreover, since their in- 
put/output capacities can be reduced, they can be used in a circuit which Is re- 

10 quired to operate at a high speed. 

FIG. 43 is a circuit diagram of an arrangement of a twentieth 
embodiment of a signal transmission system according to the present inven- 
tion. FIG. 43 shows a specific example of the signal transmission system ac- 
cording to the third working example, for sending and receiving a single-ended 

15 signal, wherein the reference voltage Vref A of the signal transmission system 
shown in FIG. 39 is set to 0.6 V. FIG. 43 shows a circuit example for transmit- 
ting a signal between 1.2-V LS1 101 and 1.2-V LS1 102. FIG. 43(a) shows an 
equivalent circuit for sending a signal from 1 .2-V LS1 101 to 1 .2-V LS1 102, and 
FIG. 43(b) shows an equivalent circuit for sending a signal from 1.2-V LS1 102 

20 to1.2-VLSI101. 

In FIG. 43, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side the do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 

25 tors 119a, 119b, 121aand121b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 105 which 



Is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal Is CTT-termlnated. 

In the signal transmission system according to the twentieth em- 
bodiment, for sending a signal from 1 .2-V LS1 101 , the values of resistors 1 19a 
and 1 19b forming a CTT termination on the signal reception side are set to 2Z0 
= 80 ? . The value of the terminating resistor is the same as the value obtained 
when resistors 1 19a and 1 19b are connected parallel to each other, and is 40 
? - Therefore, the terminating resistor end and bidirectional bus 105 are Im- 
pedance-matched. 

The on resistance of pMOS transistor 1 18a of the driver and the 
on resistance of nMOS transistor 1 1 8b of the driver are set to a value equal to 
or lower than the characteristic impedance of bidirectional bus 105, e.g., 20 ? . 
In this manner, VOH2 = 1 .00 V, VOL2 = 0.20 V, and the reference voltage 
Vref2 is 0.60 V. In this case, since a signal amplitude value ? with respect to 
the reference voltage Vref2 is 0.40 V, the signal amplitude value is sufficiently 
maintained. 

For sending a signal from 1 .2-V LS1 102, the values of resistors 
121a and 121b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 121a and 121b are connected parallel to each other, 
and Is 40 ? . Therefore, the terminating resistor end and bidirectional bus 1 05 
are impedance-matched. 

The on resistance of pMOS transistor 1 20a of the driver and the 
on resistance of nMOS transistor 120b of the driver are set to a value equal to 
or lower than the characteristic impedance of bidirectional bus 105, e.g., 20 ? . 
In this manner, VOH1 = 1 .00 V, VOL1 = 0.20 V, and the reference voltage 
Vref 1 is 0.60 V, which is In conformity with the value of reference voltage Vref2. 
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In this case, since a signal amplitude value ? with respect to the reference volt- 
age Vref 1 is 0.40 V, the signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
5 transmission line, the signal can be transmitted with good signal integrity. 

The circuit arrangements shown in FIGS. 42 and 43 make it 
possible to realize the signal transmission system shown in FIG. 39 which has 
one type of reference voltage Vref A (= 0.6 V). 

FIG. 44 is a circuit diagram of an arrangement of a twenty-first 
10 embodiment of a signal transmission system according to the present inven- 
tion. FIG. 44 shows a specific example of the signal transmission system ac- 
cording to the third working example, for sending and receiving a single-ended 
signal, wherein the reference voltage VrefA of the signal transmission system 
shown in FIG. 39 is set to 0.675 V. FIG. 44 shows a circuit example for trans- 
15 mitting a signal between 1.2-V LSI 101 and 1 .2-V LSI 102. The arrangement of 
the embodiments shown In FIG. 10, FIG.13, and FIG.15, for example, may be 
used for signal transmission between 1 .5-V LS1 1 00 and 1 .2-V LS1 101 . FIG. 
44(a) shows an equivalent circuit for sending a signal from 1 .2-V LS1 1 01 to 
1 .2-V LS1 102, and FIG. 44(b) shows an equivalent circuit for sending a signal 
20 from 1 .2-V LS1 1 02 to 1 .2-V LS1 1 01 . 

In FIG. 44, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
25 tors 119a, 119b, 121a and 121b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 1 05 which 
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is a transmission line has a cliaracteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. 

In the signal transmission system according to the twenty-first 
embodiment, for sending a signal from 1 .2-V LS1 101 , the values of resistors 
1 1 9a and 1 1 9b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the tenninatlng resistor is the same as the value 
obtained when resistors 1 19a and 1 19b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 105 
are impedance-matched. 

The on resistance of nMOS transistor 1 18b of the driver is set to 
a value equal to or lower than the characteristic impedance of bidirectional bus 
105, e.g., 40 ? , and the on resistance of pMOS transistor 1 18a of the driver is 
set to 13.33 ? . In this manner. VOH2 = 1 .05 V, VOL2 = 0.30 V, and the refer- 
ence voltage Vref2 is 0.675 V. In this case, since a signal amplitude value ? 
with respect to the reference voltage Vref2 is 0.375 V, the signal amplitude 
value is sufficiently maintained. 

For sending a signal from 1 .2-V LS1 102, the values of resistors 
121a and 1 21 b forming a CTT temriination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 121a and 121b are connected parallel to each other, 
and Is 40 ? . Therefore, the terminating resistor end and bidirectional bus 105 
are impedance-matched. 

The on resistance of nMOS transistor 1 20b of the driver is set to 
a value equal to or lower than the characteristic impedance of bidirectional bus 
1 05, e.g., 40 ? , and the on resistance of pMOS transistor 1 20a of the driver Is 
set to 1 3.33 ? . In this manner, V0H1 = 1 .05 V, VOL1 = 0.30 V, and the refer- 
ence voltage Vrefl is 0.675 V, which is In conformity with the value of reference 
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voltage Vref2. In this case, since a signal amplitude value ? witli respect to the 
reference voltage Vref 1 is 0.375 V, the signal amplitude value is sufficiently 
maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. 

The drcuit arrangements shown in FIGS. 1 0 and 44 make it 
possible to realize the signal transmission system shown in FIG. 39 which has 
one type of reference voltage Vref A (= 0.675 V). 

FIG. 45 is a block diagram of an arrangement of a fourth working 
example of a signal transmission system according to the present invention. 

As shown in FIG. 45, the signal transmission system according 
to the fourth working example is of an arrangement wherein 1 .5-V semiconduc- 
tor integrated circuit device (LSI) 130 and 1 .5-V semiconductor integrated cir- 
cuit device (LSI) 131 are directly interconnected by bidirectional bus 133 which 
is a transmission line, and 1 .5-V semiconductor Integrated circuit device (LSI) 
131 and 1.2-V semiconductor integrated circuit device (LSI) 132 are directly in- 
terconnected by bidirectional bus 134 which is a transmission line. For exam- 
ple, 1.5-V LS1 130 and 1 .5-V LS1 131 are installed on DIMM 125. 

Each of LS1 130, LS1 131 and LS1 132 has a driver, a receiver, a 
terminating resistor, and a switch for turning on and off the terminating resistor, 
not shown. 

In the signal transmission system according to this working 
example, reference voltages VrefA and VrefB supplied to the respective LSIs 
should preferably have the same value, which is set to 0.6V1 or the like to 
make it easy to generate the reference voltage VrefA. Since the entire system 
has two types of power supply voltages VDQ and one type of reference voltage 
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Vref A, the cost of the system is lowered. In the present working example, one 
type of power supply voltage VDDQ is supplied to DIMM 125, the number of 
layers of the DIMM substrate Is reduced and so Is the cost. The LSIs may be 
Installed on a common PCB. 

FIG. 46 is a circuit diagram of an arrangement of a twenty- 
second embodiment of a signal transmission system according to the present 
invention. FIG. 46 shows a specific example of the signal transmission system 
according to the fourth working example, for sending and receiving a single- 
ended signal, wherein the reference voltage of the signal transmission system 
shown In FIG. 45 is set to VrefA = VrefB = 0.9 V. FIG. 46 shows a circuit ex- 
ample for transmitting a signal between 1 .5-V LS1 1 30 and 1 .5-V LS1 1 31 . FIG. 
46(a) shows an equivalent circuit for sending a signal from 1 .5-V LS1 130 to 
1 .5-V LS1 131 , and FIG. 46(b) shows an equivalent circuit for sending a signal 
from 1.5-V LS1 131 to 1. 5-V LS1 130. 

In FIG. 46, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of s\Mtches that are turned on, are included in the values of resis- 
tors 1 36a, 1 36b, 1 38a and 1 38b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 133 which 
is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. The driver may be of an open 
drain configuration, rather than a push-pull configuration. 

In the signal transmission system according to the twenty- 
second embodiment, for sending a signal from 1.5-V LS1 130, the values of re- 
sistors 136a and 136b forming a CTT termination on the signal reception side 
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are set to 2Z0 = 80 ? . The value of the terminating resistor is the same as the 
value obtained when resistors 136a and 136b are connected parallel to each 
other, and is 40 ? . Therefore, the temninating resistor end and bidirectional 
bus 133 are imped£ince-matched. 

The on resistance of pMOS transistor 135a of the driver is set to 
4.44 ? , for example, and the on resistance of nMOS transistor 135b of the 
driver is set to 40 ? . In this manner. VOH2 = 1 .425 V, V0L2 = 0.375 V, and 
the reference voltage Vref2 is 0.90 V. In this case, since a signal amplitude 
value ? with respect to the reference voltage Vref2 is 0.525 V, the signal ampli- 
tude value is sufflcientiy maintained. 

For sending a signal from 1 .5-V LS1 131 , the values of resistors 
138a and 138b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 138a and 138b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 133 
are impedance-matched. 

The on resistance of pMOS transistor 137a of the driver is set to 
4.44 ? , for example, and the on resistance of nMOS transistor 137b of the 
driver is set to 40 ? . In this manner, V0H1 = 1 .425 V, VOL1 = 0.375 V, and 
the reference voltage Vref 1 is 0.90 V, which is in conformity with the value of 
reference voltage Vref2. in this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref 1 is 0.525 V, the signal amplitude value Is 
sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. 
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The seventeenth embodiment shown in FIG. 40, for example, 
may be employed for signal transmission between 1 .5-V LS1 131 and 1 .2-V LSI 
132. 

The circuit arrangements shown in FIGS. 46 and 40 make it 
possible to realize the signal transmission system shown in FIG. 45 which has 
one type of reference voltage VrefA (= VrefB = 0.9 V)- 

FIG. 47 is a circuit diagram of an arrangement of a twenty-third 
embodiment of a signal transmission system according to the present inven- 
tion. FIG. 47 shows a specific example of the signal transmission system ac- 
cording to the fourth working example, for sending and receiving a single- 
ended signal, wherein the reference voltage of the signal transmission system 
shown in FIG. 45 is set to VrefA = VrefB = 0.75 V. FIG. 47 shows a circuit ex- 
ample for transmitting a signal between 1.5-V LS1 131 and 1.2-V LS1 132. FIG. 
47(a) shows an equivalent circuit for sending a signal from 1 .5-V LS1 131 to 
1 .2-V LS1 132, and FIG. 47(b) shows an equivalent circuit for sending a signal 
from 1 .2-V LSI 1 32 to 1 .5-V LSI 1 31 . 

In FIG. 47, switches that are turned off, receivers, and drivers 
that are set to a high Impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 140a, 140b, 142a and 142b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 134 which 
is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. 

In the signal transmission system according to the twenty-third 
embodiment, for sending a signal from 1 .5-V LS1 131 , the values of resistors 
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140a and 140b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 140a and 140b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 134 
are impedance-matched. 

The on resistance of pMOS transistor 1 39a of the driver is set to 
20 ? , for example, and the on resistance of nMOS transistor 139b of the driver 
is set to 40 ? . In this manner, VOH2 = 1 .20 V, VOL2 = 0.30 V, and the refer- 
ence voltage Vref2 is 0.75 V. In this case, since a signal amplitude value ? 
with respect to the reference voltage Vref2 is 0.45 V, the signal amplitude value 
is sufficiently maintained. 

For sending a signal from 1 .2-V LS1 132, the values of resistors 
142a and 142b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 142a and 142b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 134 
are impedance-matched. 

The on resistance of pMOS transistor 141a of the driver is set to 
8 ? , for example, and the on resistance of nMOS transistor 1 41 b of the driver is 
set to 40 ? . In this manner, VOH1 = 1 .1 25 V, VOL1 = 0.375 V, and the refer- 
ence voltage Vref 1 is 0.75 V, which is in conformity with the value of reference 
voltage Vref2. In this case, since a signal amplitude value ? with respect to the 
reference voltage Vrefl is 0.375 V, the signal amplitude value is sufficiently 
maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. 
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The twentieth embodiment shown in FIG. 43, for example, may 
be employed for signal transmission between 1 .5-V LS1 130 and 1 .5-V LS1 131 . 
However, each power supply voltage VDDQ is 1 .5 V. 

A circuit arrangement for supplying 1 .5 V as the power supply 
voltage VDDQ to the embodiment shown in FIG. 43 and the circuit arrange- 
ment shown in FIG. 47 make it possible to realize the signal transmission sys- 
tem shown in FIG. 45 which has one type of reference voltage VrefA (= VrefB = 
0.75 V). 

FIG. 48 is a circuit diagram of an arrangement of a twenty-fourth 
embodiment of a signal transmission system according to the present Inven- 
tion. FIG. 48 shows a specific example of the signal transmission system ac- 
cording to the fourth working example, for sending and receiving a single- 
ended signal, wherein the reference voltage of the signal transmission system 
shown in FIG. 45 is set to VrefA = VrefB = 0.675 V. FIG. 48 shows a circuit 
example for transmitting a signal between 1 .5-V LS1 130 and 1.5-V LS1 131 . 
FIG. 48(a) shows an equivalent circuit for sending a signal from 1 .5-V LS1 130 
to 1 .5-V LS1 131 , and FIG. 48(b) shows an equivalent circuit for sending a sig- 
nal from 1.5-V LS1 131 to 1.5-V LS1 130. 

In FIG. 48, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side ttiat do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 136a, 136b, 139a and 139b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 133 which 
is a transmission line has a characteristic Impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. 
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In the signal transmission system according to the twenty-fourth 
embodiment, for sending a signai from 1 .5-V LS1 130, the values of resistors 
136a and 136b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor Is the same as the value 
obtained when resistors 136a and 136b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 133 
are impedance-matched. 

The on resistance of pMOS transistor 135a of the driver is set to 
40 ? , for example, and the on resistance of nMOS transistor 135b of the driver 
is set to 17.14 ? . In this manner, VOH2 = 1.125 V, VOL2 = 0.225 V, and the 
reference voltage Vref2 is 0.675 V. In this case, since a signal amplitude value 
? with respect to the reference voltage Vref2 is 0.45 V, the signal amplitude 
value Is sufficiently maintained. 

For sending a signal from 1 .5-V LS1 131 , the values of resistors 
138a and 138b forming a CTT termination on the signal reception side are set 
to 2Z0 = 80 ? . The value of the terminating resistor is the same as the value 
obtained when resistors 136a and 136b are connected parallel to each other, 
and is 40 ? . Therefore, the terminating resistor end and bidirectional bus 133 
are impedance-matched. 

The on resistance of pMOS transistor 137a of the driver is set to 
40 ? , for example, and the on resistance of nMOS transistor 137b of the driver 
Is set to 17.14?. In this manner, VOH1 =1.125V,VOL1 = 0.225 V. and the 
reference voltage Vref 1 is 0.675 V, which Is in conformity with the value of ref- 
erence voltage Vref2. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref 1 is 0.45 V, the signal amplitude value is suf- 
ficiently maintained. 
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By thus setting the values of the terminating resistors and the on 
resistances of the drivers with respect to the characteristic impedance ZO of the 
transmission line, the signal can be transmitted with good signal integrity. 

The first embodiment (FIG, 10). the second embodiment (FIG. 
5 13), or the third embodiment (FIG. 15), for example, may be employed for sig- 
nal transmission between 1 .5-V LS1 131 and 1 .2-V LS1 132. 

The circuit arrangement shown In the twenty-fourth embodiment 
(FIG. 48), and the circuit arrangement shown in the first embodiment (FIG. 10), 
the second embodiment (FIG. 13), or the third embodiment (FIG. 15) make it 
10 possible to realize the signal transmission system shown in FIG. 45 which has 
one type of reference voltage VrefA (= VrefB = 0.675 V). 

FIGS. 49A and 498 are circuit diagrams of an arrangement of a 
twenty-fifth embodiment of a signal transmission system according to the pre- 
sent invention. FIGS. 49A and 498 show a specific example of the signal 
15 transmission system according to the fourth working example, for sending and 
receiving a differential signal, and show a circuit example for transmitting a sig- 
nal between 1.5-V LS1 131 and 1.2-V LS1 132, with no reference voltage VrefB 
required. FIG. 49A shows an equivalent circuit for sending a signal from 1 .5-V 
LS1 131 to 1 .2-V LS1 132, and FIG. 49B shows an equivalent circuit for sending 
20 a signal from 1 .2-V LS1 1 32 to 1 .5-V LS1 1 31 . 

In FIGS. 49A and 498, switches that are turned off, receivers, 
and drivers that are set to a high impedance state on the signal reception side 
that do not contribute to the values of potentials, are omitted from the Illustra- 
tion, and the resistances of switches that are turned on, are included in the val- 
25 ues of resistors 1 63 and 1 74. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional buses 162 and 



163 which are transmission lines have a characteristic Impedance, here an Im- 
pedance Zodd in an ODD mode, of 40 ? . The receiver for receiving a signal 
has a bridge temninating circuit for interconnecting a true signal and a bar sig- 
nal with a resistor having a value of 2Zodd. When sending a signal, this resis- 
tor Is disconnected from bidirectional buses 162 and 163 by tuming off a switch 
(not shown), presenting an Infinitely large resistance as viewed from the driver. 

In the signal transmission system according to the twenty-fifth 
embodiment, for sending a signal from 1 .5-V LS1 131 , the value of resistor 164 
forming a bridge termination on the signal reception side is set to 2Zodd = 80 
? . Therefore, the terminating resistor and bidirectional buses 162 and 163 are 
impedance-matched. 

The on resistances of pMOS transistors 160a and 161 a of the 
driver and the on resistances of nMOS transistors 160b and 161 b of the driver 
are set to 40 ? . In tills manner, VOH2 = 1 .125 V, and VOL2 = 0.375 V, making 
it possible to receive a signal with a differential Input circuit (receiver). There- 
fore, no reference voltage VrefB is required. 

For sending a signal from 1 .2-V LS1 1 32, the value of register 
1 74 forming a bridge tenmination on the signal reception side is set to 2Zodd = 
80 ? . Therefore, the terminating resistor and bidirectional buses 162 and 163 
are impedance-matched. 

The on resistances of pMOS transistors 170a and 171 a of the 
driver and the on resistances of nMOS transistors 170b and 171b of the driver 
are set to 40 ? . In this manner, VOH1 = 0.9 V, and VOL2 = 0.30 V, making it 
possible to receive a signal with a differential Input circuit (receiver). Therefore, 
no reference voltage VrefB is required. 

By thus setting the values of the temilnating resistors and the on 
resistances of the drivers with respect to the characteristic impedance Zodd of 
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the transmission line in the signal transmission system which has the bridge 
terminating circuit and the push-pull driver for sending and receiving a differen- 
tial signal, the signal can be transmitted with good signal integrity without using 
the reference voltage VrefB. 
5 The differential signal requires as many signal lines as twice the 

single-ended signal, but is excellent as providing a high-speed signal transmis- 
sion system because it can reduce the number of connectors and package 
power supply pins and is resistant to common-mode noise since mutual signal 
paths are used as return current paths. 

10 The arrangement of the twentieth embodiment shown in FIG. 43, 

for example, may be used for signal transmission between 1 .5-V LS1 130 and 
1 .5-V LS1 131 . However, each power supply voltage VDDQ is 1 .5 V. 

Therefore, a circuit arrangement for supplying 1 .5 V as the 
power supply voltage VDDQ to the twentieth embodiment shown in FIG. 43 

15 and the circuit arrangement shown in FIGS. 49A and 49B make it possible to 
realize the signal transmission system shown in FIG. 45 which has one type of 
reference voltage VrefA (= 0.75 V). 

The circuit shown in FIGS. 49A and 49B is also effective as a 
circuit for transmitting a signal bidirectionally between two LSIs that operate 

20 under different power supply voltages VDDQ. 

FIG. 50 is a circuit diagram of an arrangement of a twenty-sixth 
embodiment of a signal transmission system according to the present inven- 
tion. FIG. 50 shows a circuit example for transmitting a single-ended signal be- 
tween 1.5-V LS1 140 and 1.2-V LS1 141. FIG. 50(a) shows an equivalent circuit 

25 for sending a signal from 1 .5-V LS1 140 to 1 .2-V LS1 141 , and FIG. 50(b) shows 
an equivalent circuit for sending a signal from 1 .2-V LS1 141 to 1 .5-V LS1 140. 
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in FIG. 50. switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signai reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
resistances of switches that are turned on, are included in the values of resis- 
tors 144a, 144b, 147a and 147b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 142 which 
is a transmission line has a characteristic impedance ZO of 40 ? , and the re- 
ceiver for receiving a signai is CTT-terminated. 

In the signal transmission system according to the twenty-sixth 
embodiment, for sending a signal from 1.5-V LS1 140, the on resistance of 
pMOS transistor 143a of the driver and the on resistance of nl\/IOS transistor 
143b of the driver are set to 40 ? . Therefore, the on resistance of the driver 
and bidirectional bus 142 are impedance-matched. 

The value of resistor 144a forming a CTT temnination on the sig- 
nai reception side is set to 64 ? , and the value of resistor 144b is set to 106.7 
? . The value of the tenninating resistor is the same as the value obtained 
when resistors 144a and 144b are connected parallel to each other, and is 40 
? . Therefore, the terminating resistor and bidirectional bus 142 are Imped- 
ance-matched. In this manner. V0H2 = 1 .125 V, VOL2 = 0.375 V, and the ref- 
erence voltage Vref2 is 0.75 V. That is, the reference voltage Vref2 is 1/2 of 
the high VDDQ value. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vref2 is 0.375 V, the signal amplitude value is 
sufficiently maintained. 

For sending a signal from 1 .2-V LS1 141 , the on resistance of 
pMOS transistor 145a of the driver and the on resistance of nMOS transistor 
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145b of the driver are set to 40 ? . Therefore, the on resistance of the driver 
and bidirectional bus 142 are impedance-matched. 

The value of resistor 147a fonning a CTT temiination on the sig- 
nal reception side is set to 100 ? , and the value of resistor 1 47b is set to 66.7 
? . The value of the temninating resistor is the same as the value obtained 
when resistors 147a and 147b are connected parallel to each other, and is 40 
? . Therefore, the terminating resistor end and bidirectional bus 142 are im- 
pedance-matched. In this manner. V0H1 = 0.90 V, V0L1 = 0.30 V, and the 
reference voltage Vrefl is 0.60 V. That is, the reference voltage Vrefl is 1/2 of 
the low VDDQ value. In this case, since a signal amplitude value ? with re- 
spect to the reference voltage Vrefl is 0.30 V, the signal amplitude value is suf- 
ficiently maintained. 

As with the other embodiments, the path of return current of a 
signal flowing on bidirectional bus 142 is a ground plane which is common to 
1 .5-V LS1 140 and 1 .2-V LS1 141 . This makes it easy to design a printed 
board. If the power supply voltage VDDQ Is used as the path of return current, 
then since the 1 .5-V power supply and the 1 .2-V power supply need to be used 
as the path of return cun-ent, problems arise which make the layout of intercon- 
nections difficult and increase the number of layers of the printed board. 
Therefore, it is preferable that the path of return current of a signal flowing on 
bidirectional bus 142 be a ground plane. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers as described above with respect to the characteristic 
impedance ZO of the transmission line, the signal can be transmitted with good 
signal integrity. Two types of power supply voltages VDDQ and two types of 
reference voltages Vref are sufficient. Though there are two types of reference 
voltages Vref in the present embodiment, since they may be set to 1/2 of the 
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value of the power supply voltage VDDQ of each driver, an equivalent potential 
is applied between the drain and source of the pMOS transistor and the nMOS 
transistor of each driver, enabling efficient operation of the pMOS and the 
nMOS transistors. Moreover, since their input/output capacity can be reduced, 
they can be used in a circuit which is required to operate at a high speed. 

The present embodiment is identical in arrangement to the sec- 
ond embodiment (FIG. 13), the fifth embodiment (FIG. 22), and the sixth em- 
bodiment (FIG. 24) in that it has a driver which is CTT-temiinated and push- 
pull-connected that has an on resistance equal to the characteristic impedance 
ZO of the transmission line. Therefore, these embodiments can also be real- 
ized by mal<ing the value of the terminating resistor variable. 

In the twenty-sixth embodiment, the value of the terminating re- 
sistor is in conformity with the characteristic impedance of the transmission 
line. An embodiment in which the value of the terminating resistor is in confor- 
mity with 1 .5 times the characteristic impedance of the transmission line will be 
described below. 

FIG. 51 is a circuit diagram of an arrangement of a twenty- 
seventh embodiment of a signal transmission system according to the present 
invention. 

FIG. 51 shows a circuit example for transmitting a single-ended 
signal between 1 .5-V LS1 140 and 1.2-V LS1 141. FIG. 51 (a) shows an equiva- 
lent circuit for sending a signal from 1 .5-V LS1 140 to 1 .2-V LS1 141 . and FIG. 
51 (b) shows an equivalent circuit for sending a signal from 1 .2-V LS1 141 to 
1. 5-V LS1 140. 

In FIG. 51 , switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the illustration, and the 
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resistances of switches that are turned on. are included In the values of resis- 
tors 144a, 144b, 147a and 147b. 

The driver for sending a signal comprises a pl^OS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 142 which 
is a transmission line has a characteristic Impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal is CTT-termlnated. 

In the signal transmission system according to frie twenty- 
seventh embodiment, for sending a signal from 1 .5-V LS1 140, the on resis- 
tance of pMOS transistor 1 43a of the driver and the on resistance of nl^OS 
transistor 143b of the driver are set to 40 ? . Therefore, the on resistance of the 
driver and bidirectional bus 142 are impedance-matched. 

The value of resistor 144a forming a CTT termination on the sig- 
nal reception side Is set to 96 ? , and the value of resistor 144b Is set to 160 ? . 
The value of the terminating resistor is the same as tlie value obtained when 
resistors 144a and 144b are connected parallel to each other, and Is 60 ? . 
Therefore, the value of the terminating resistor is in conformity with 1 .5 times 
the characteristic Impedance of bidirectional bus 142. In this manner, VOH2 = 
1 .20 V, VOL2 = 0.30 V, and the reference voltage Vref2 is 0.75 V. That is, the 
reference voltage Vref2 is 1/2 of the high VDDQ value, in this case, since a 
signal amplitude value ? with respect to the reference voltage Vref2 is 0.45 V, 
the signal amplitude value is sufficiently maintained. 

For sending a signal from 1.2-V LS1 141, the on resistance of 
pMOS transistor 1 45a of the driver and the on resistance of nMOS transistor 
145b of the driver are set to 40 ? . Therefore, the on resistance of the driver 
and bidirectional bus 142 are impedance-matched. 

The value of resistor 147a forming a CTT termination on the sig- 
nal reception side Is set to 150 ? , and the value of resistor 147b is set to 100 
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? . The value of the terminating resistor Is the same as the value obtained 
when resistors 147a and 147b are connected parallel to each other, and is 60 
? . Therefore, the value of the terminating resistor Is In conformity with 1 .5 
times the characteristic impedance of bidirectional bus 142. In this manner, 
VOH1 = 0.96 V, V0L1 = 0.24 V, and the reference voltage Vref 1 is 0.60 V. 
That Is, the reference voltage Vrefl is 1/2 of the low VDDQ value. In this case, 
since a signal amplitude value ? with respect to the reference voltage Vrefl is 
0.36 V, the signal amplitude value is sufficiently maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers as described above with respect to the characteristic 
impedance ZO of the transmission line, the signal can be transmitted with good 
signal Integrity. Two types of power supply voltages VDDQ and two types of 
reference voltages Vref are sufficient. Though there are required two types of 
reference voltages Vref in the present embodiment, since the values of the ref- 
erence voltages are set to 1/2 of the value of the power supply voltage VDDQ 
of each driver, an equivalent potential is applied between the drain and source 
of the pMOS transistor and the nMOS transistor of each driver, enabling effi- 
cient operation of the pMOS and the niy/IOS transistors. Moreover, since their 
input/output capacity can be reduced, they can be used In a circuit which Is re- 
quired to operate at a high speed. 

The present embodiment is identical in arrangement to the sec- 
ond embodiment (FIG. 13), the fifth embodiment (FIG. 22). and the sixth em- 
bodiment (FIG. 24) In that It has a driver which is CTT-temiinated and push- 
pull-connected that has an on resistance equal to the characteristic Impedance 
ZO of the transmission line. Therefore, these embodiments can also be real- 
ized by making the value of the temninating resistor variable. 
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FIG. 52 is a circuit diagram of an arrangement of a generalized 
circuit of the signal transmission systems according to the twenty-sixth em- 
bodiment shown in FIG. 50 and the twenty-seventh embodiment shown In FIG. 
51. 

FIG. 52(a) shows an equivalent circuit for sending a signal from 
LS1 140 having a power supply voltage VDDQ = VI system to LS1 141 having a 
power supply voltage VDDQ = V2 system, and FIG. 52(b) shows an equivalent 
circuit for sending a signal from V2 LS1 141 to VI LS1 140. In FIG. 52, VI > V2. 
Switches that are tumed off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the illustration, and the resistances of switches 
that are turned on, are included in the values of the resistors fomning the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 142 which 
is a transmission line has a characteristic impedance ZO or 40 ? , and the re- 
ceiver for receiving a signal Is CTT-terminated. 

For sending a signal from VI LS1 140, the on resistance of 
pMOS transistor 143a of the driver and the on resistance of nMOS transistor 
143b of the driver are set to ZO which is equal to the characteristic impedance 
of bidirectional bus 142. Therefore, the on resistance of the driver and the bidi- 
rectional bus 142 are impedance-matched. 

The value of resistor 144a forming a CTT tennlnatlon on the sig- 
nal reception side is set to R1 ? , and the value of resistor 144b is set to R2 ? . 
The value of the terminating resistor Is the same as R1//R2 ? which Is obtained 
when resistors 144a and 144b are connected parallel to each other. This value 
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of the terminating resistor Is in confonnity with m times the characteristic im- 
pedance of bidirectional bus 142. 

R1 = 2mZ0V2A/1 

R2 = 2mZ0V2(2V2-V1) 

In this manner, 

VOH2 = (2m+1)V1/2(m+1) 

VOI^ = 0.5V1(m+1) 

Thus, 

Vref2 = 0.5V1 . 

Therefore, the reference voltage Vref2 is 1/2 of the high VDDQ value.. 

For sending a signal from V2 LSI 41 , the on resistance of pMOS 
transistor 145a of the driver and the on resistance of nMOS transistor 145b of 
the driver are set to ZO which Is equal to the characteristic impedance of bidi- 
rectional bus 142. Therefore, the on resistance of the driver and the bidirec- 
tional bus 142 are impedance-matched. 

The value of resistor 147a forming a CTT termination on the sig- 
nal reception side is set to R3 ? , and the value of resistor 147b is set to R4 ? . 
The value of the terminating resistor is the same as R3//R4 ? which Is obtained 
when resistors 147a and 147b are connected parallel to each other. This value 
of the terminating resistor is in conformity with s times the characteristic imped- 
ance of bidirectional bus 142. 

R3 = 2SZ0V1/V2 

R4 = 2sZ0V1(2V1-V2) 

In this manner, 

VOH1 = (2s+1)V2/2(s+1) 

VOL1 =0.5V2(s+1) 

Thus, 
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Vref 1 = 0.5V2 

Therefore, the reference voltage Vref1 is 1/2 of the low VDDQ value. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers as described above with respect to the characteristic 
5 impedance ZO of the transmission line, the signal can be transmitted with good 
signal integrity. In the present embodiment, two types of power supply volt- 
ages VDDQ and two types of reference voltages Vref are sufficient. Though 
there are required two types of reference voltages Vref in the present embodi- 
ment, since the values of the reference voltages are set to 1/2 of the value of 

10 the power supply voltage VDDQ of each driver, an equivalent potential is ap- 
plied between the drain and source of the pMOS transistor and the nMOS tran- 
sistor of each driver, enabling efficient operation of the pMOS and the nMOS 
transistors. Moreover, since their Input/output capacity can be reduced, they 
can be used in a circuit which is required to operate at a high speed. 

15 The present embodiment is identical in arrangement to the sec- 

ond embodiment (FIG. 13), the fifth embodiment (FIG. 22), and the sixth em- 
bodiment (FIG. 24) in tfiat it has a driver which is CTT-terminated and push- 
pull-connected that has an on resistance equal to the characteristic impedance 
ZO of the transmission line. Therefore, these embodiments can also be real- 

20 ized by making the value of the terminating resistor variable. 

FIG. 53 is a circuit diagram of an arrangement of a twenty-eighth 
embodiment of a signal transmission system according to the present inven- 
tion. 

FIG. 53 shows a circuit example for transmitting a single-ended 
25 signal between 1.5-V LSI 150 and 1.2-V LS1 151. FIG. 53(a) shows an equiva- 
lent circuit for sending a signal from 1 .5-V LS1 150 to 1 .2-V LS1 151 , and FIG. 
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53(b) shows an equivalent circuit for sending a signal from 1.2-V LS1 151 to 
1.5-VLSI150. 

In FIG. 53, switches that are turned off, receivers, and drivers 
that are set to a high impedance state on the signal reception side that do not 
contribute to the values of potentials, are omitted from the Illustration, and the 
resistances of switches that are turned on, are Included In the values of resis- 
tors 154a, 154b, 156a and 156b. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 152 which 
is a transmission line has a characteristic Impedance ZO of 40 ? , and the re- 
ceiver for receiving a signal Is CTT-termlnated. 

In the signal transmission system according to the twenty-eighth 
embodiment, for sending a signal from 1 .5-V LS1 150, the values of resistors 
154a and 154b forming a CTT temiination on the signal reception side are set 
to 80 ? , which is equal to 2Z0. The value of the terminating resistor is the 
same as the value obtained when resistors 154a and 154b are connected par- 
allel to each other, and is 40 ? . Therefore, the terminating resistor end and 
bidirectional bus 152 are impedance-matched. 

The on resistance of nMOS transistor 1 53b of the driver is set to 
a value equal to or lower than the characteristic Impedance ZO of bidirectional 
bus 152, e.g., 40 ? , and the on resistance of pMOS transistor 153a of the 
driver Is set to 20 ? . In this manner, VOH2 = 1 .20 V, VOL2 = 0.30 V, and the 
reference voltage Vref2 Is 0.75 V. That Is, the reference voltage Vref2 is 1/2 of 
the high VDDQ value. Since a signal amplitude value ? with respect to the ref- 
erence voltage Vref2 is 0.45 V, the signal amplitude value is sufficiently main- 
tained. 
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For sending a signal from 1 .2-V LS1 1 51 , the values of resistors 
156a and 156b forming a CTT termination on the signal reception side are set 
to 80 ? , which Is equal to 2Z0. The value of the terminating resistor is the 
same as the value obtained when resistors 156a and 156b are connected par- 
allel to each other, and is 40 ? . Therefore, the terminating resistor end and 
bidirectional bus 152 are impedance-matched. 

The on resistance of pMOS transistor 1 55b of the driver is set to 
a value equal to or lower than the characteristic impedance ZO of bidirectional 
bus 152, e.g., 40 ? , and the on resistance of nMOS transistor 155a of the 
driver is set to 17.14 ? . In this manner, VOH2 = 0.975 V, VOL1 = 0.225 V, and 
the reference voltage Vrefl is 0.65 V. That is, the reference voltage Vref1 is 
1/2 of the low VDDQ value. Since a signal amplitude value ? with respect to 
the reference voltage Vrefl is 0.375 V, the signal amplitude value Is sufficiently 
maintained. 

By thus setting the values of the terminating resistors and the on 
resistances of the drivers as described above with respect to the characteristic 
impedance ZO of the transmission line, the signal can be transmitted with good 
signal integrity. Two types of power supply voltages VDDQ and two types of 
reference voltages Vref are sufficient. Though there are required two types of 
reference voltages Vref in the present embodiment, since the values of the ref- 
erence voltages are set to 1/2 of the value of the power supply voltage VDDQ 
of each driver, an equivalent potential is applied between the drain and source 
of the pMOS transistor and the nIVIOS transistor of each driver, enabling effi- 
cient operation of the pl\/IOS and the nMOS transistors. Moreover, since their 
input/output capacity can be reduced, they can be used in a circuit which Is re- 
quired to operate at a high speed. 
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FIG. 54 shows a generalized circuit of the signal transmission 
system according to the twenty-eighth embodiment shown in FIG. 53. 

FIG. 54(a) shows an equivalent circuit for sending a signal from 
LS1 150 having a power supply voltage VDDQ = VI system to LS1 151 having a 
power supply voltage VDDQ = V2 system, and FIG. 54(b) shows an equivalent 
circuit for sending a signal from V2 LS1 151 to VI LS1 150. In FIG. 54, V1 > V2. 
Switches that are turned off, receivers, and drivers that are set to a high im- 
pedance state on the signal reception side that do not contribute to the values 
of potentials, are omitted from the Illustration, and the resistances of switches 
that are tumed on, are Included in the values of the resistors forming the termi- 
nating resistor. 

The driver for sending a signal comprises a pMOS and an 
nMOS transistors which are push-pull-connected. Bidirectional bus 152 which 
is a transmission line has a characteristic impedance ZO or 40 ? , and the re- 
ceiver for receiving a signal is CTT-terminated. 

For sending a signal from VI LS1 1 50, the values of resistors 
154a and 154b forming a CTT termination on the signal reception side are set 
to 2Z0. The value of the terminating resistor is the same as the value obtained 
when resistors 154a and 154b are connected parallel to each other, and is in 
confomnity with ZO. Therefore, the terminating resistor and bidirectional bus 
152 are Impedance-matched. 

The on resistance of nMOS transistor 1 53b of the driver Is set to 
a value equal to or lower than the characteristic impedance ZO of bidirectional 
bus 152, e.g., ZO, and the on resistance of pMOS transistor 153a of the driver 
is set to Roni ? . 

Roni = 0.25V2Z0/(V1 -0.75V2) 

In this manner, 
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VOH2 = (0.5V2Ron1+V1Z0)/(Ron1+Z0) 

V0L2 = 0.25V2 

Thus, 

Vref2 = 0.5V1 

Therefore, the reference voltage Vref2 is 1/2 of the high VDDQ value. 

For sending a signal from V2 LS1 151 , the values of resistors 
156a and 156b forming a CTT termination on the signal reception side are set 
to 2Z0. The value of the terminating resistor Is the same as the value obtained 
when resistors 156a and 156b are connected parallel to each other, and Is in 
confomilty with ZO. Therefore, the temilnating resistor and bidirectional bus 
152 are Impedance-matched. 

The on resistance of pMOS transistor 155b of the driver is set to 
a value equal to or lower than the characteristic Impedance ZO of bidirectional 
bus 152, e.g., ZO, and the on resistance of nMOS transistor 155a of the driver 
Is set to Ron4 ? . 

Ron4 = Z0(2V2-V1 )/(3V1 -2V2) 

In this manner, 

VOH1 =0.25V1+0.5V2 

VOL1 =0.5V1Ron4/(Ron4+Z0) 

Thus, 

Vrefl = 0.5V2 

Therefore, the reference voltage Vrefl Is 1/2 of the low VDDQ value. 

As with the other embodiments, the path of return current of a 
signal flowing on bidirectional bus 152 Is a ground plane which is common to 
1 .5-V LS1 1 50 and 1 .2-V LS1 1 51 . This makes it easy to design a printed 
board. If the power supply voltage VDDQ Is used as the path of retum cun-ent, 
then since the VI power supply and the V2 power supply need to be used as 
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the path of return current, problems arise which make the layout of Intercon- 
nections difficult and increase the number of layers of the printed board. 
Therefore, it is preferable that the path of return current of a signal flowing on 
bidirectional bus 1 52 be a ground plane. 
5 By thus setting the values of the terminating resistors and the on 

resistances of the drivers as described above with respect to the characteristic 
Impedance ZO of the transmission line, the signal can be transmitted with good 
signal integrity. Two types of power supply voltages VDDQ and two types of 
reference voltages Vref are sufficient. Though there are two types of reference 

10 voltages Vref in the present embodiment, since they may be set to 1/2 of the 
value of the power supply voltage VDDQ of each driver, an equivalent potential 
is applied between the drain and source of the pMOS transistor and the nMOS 
transistor of each driver, enabling efficient operation of the pMOS and the 
nMOS transistors. Moreover, since their input/output capacity can be reduced, 

15 they can be used in a circuit which Is required to operate at a high speed. 

While preferred embodiments of the present invention have 
been described using specific terms, such description is for illustrative pur- 
poses only, and it is to be understood that changes and variations may be 
made without departing from the spirit or scope of the following claims. 
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